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THE EFFECT OF STAPHYLOCOCCUS AUREUS TOXIN ON 

THE KIDNEY 


By WILLI-Ur C. VonGLAHA*, M.D., and JULIA T. WELD 

{From the Department oj Pathology, College of Physicians and Surgeons, Columbia 

University, Neva York) 

Plate 1 

(Received for publication, October 5, 1934) 

The first report of the production of a toxin by the Staphylococcus aureus 
that damages the kidney was given by Neisser and Levaditi (1) in 1900. 
These authors described the kidneys of rabbits that had received injections of 
the toxin as being grejdsh white with irregular red areas. The e.xtemal pKJrtion 
of the cortex was white, opaque and semipurulent. The histologic studj- revealed 
two inflammator}' zones with fragmenting poKmorphonuclear leucocytes sur- 
rounding a third intermediate zone of necrosis, within which the cells of the con- 
voluted tubules were necrotic, their nuclei pale staining and sometimes fragmented. 
The glomeruli were engorged, filling the capsule of Bowman; some glomeruli were 
necrotic and surrounded by an albuminous or hemorrhagic exudate. The epi- 
thelium of Bowman’s capsule was in some instances destroyed, in others, pro- 
liferated. The most striking lesion was in the small blood vessels below or at the 
border of the iimer zone. These vessek were obstructed by masses formed of frag- 
mented leucocytes, or by fibrin thrombi. Later, Neisser and Weehsberg (2), and 
more recently, Forssman (3), and Rigdon, Joj-ner and Ricketts (4) have reported 
essentially the same results following the injection of toxin into rabbits. 

This paper deals with the effect of the staphylococcus toxin on the 
kidneys of rabbits and cats, hluch of the material described here 
was collected by Weld and Gunther (5) and was briefly alluded to by 
them in their report in 1931. 

Methods 

Toxins were prepared according to the method described by Parker, Hopkins 
and Gunther (6). The organisms from which the toxins were made were obtained 
from different sources. The strength of toxin produced \-aried. The toxin was 
tested for its potenc}’ and the suitable dose determined that would produce renal 
lesions. In every instance it was injected intravenously. 

The tissues were fixed in Zenker’s solution without the addition of either acetic 
add or formalin. The sections were stained in a variety of waj-s: hematoxx-lin- 
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eosin, Wcigert’s clastic tissue stain followed by hematoxylin-eosin, Mallory’s 
phosphotungstic acid hematoxj’lin, Gram’s stain and McGregor’s azan carmine. 

Effect on Rabbits 

Eighteen j'oung rabbits were used in the experiment. A dose of the toxin sufil- 
cient to produce lesions in the kidneys was given and the animals were killed at 
varying intervals. Thus, it was hoped to follow the development of tlic lesions. 

One rabbit was given 0.3 cc. of the toxin intravenously; two others 0.5 cc. each. 
They were killed at tlie end of 1 hour. No definite alterations could be made out 
in the kidnej^s. The time interval was apparently too short. 

Two animals were killed at the end of 2 hours after tlie toxin injection. One had 
received 0.15 cc., the other 0.18 cc. of toxin. Areas of injection of the cortex of the 
kidneys were found in the gross. Histologically, the capillaries in many of the 
glomeruli were dilated. The epithelial cells of the convoluted tubules were swollen, 
pale staining and the C 3 doplasm finely granular. Fibrin could not be found in the 
blood vessels. 

Three animals were killed 4 hours after receiving the toxin, in doses of 0.15, 0.2 
and 0.3 cc., respectivelj\ On gross examination the kidnej’s were found to be 
swollen and tinj' hemorrhages could be seen in the cortex just beneath tlie capsule. 
The histologic examination revealed definite changes. The tubules in tlie super- 
ficial portion of the cortex were spread apart bj' hemorrhages. In each of these 
animals the capillaries of manj' of the glomeruli were dilated. In the animal that 
received 0.15 cc. of the toxin, in addition to dilatation of the glomerular capillaries, 
there were numerous chromatin particles from the fragmented nuclei of the glomer- 
ular endothelial cells. The capsular spaces were reduced in size b}' the dilatation 
of the capillaries, yet most of the capsular spaces, whether the capillaries were 
dilated or not, contained granular precipitate. The arterioles leading to tlie en- 
gorged glomeruli were distended with blood and about these vessels hemorrhages 
were sometimes seen. In the two animals that received the larger doses, some of 
the arteries extending upward through the cortex that gave off tlie afferent glomer- 
ular arterioles, were found to be greatly dilated, their walls were necrotic and in- 
filtrated with blood. Their lumina contained some fibrin. The epitlielial cells of 
the convoluted tubules were swollen, pale and finely granular. Granular precipi- 
tate was present in the lumina of the tubyles. In one animal with tlie severe 
arterial damage, some loops of Henle were found lined bj"^ necrotic epithelial cells. 
There was no inflammatory reaction present in these kidnej'S. 

One animal was killed 8 hours after receiving 0.15 cc. of toxin. The kidne 3 's 
were mottled with small hemorrhages. The histologic changes were essentiall 3 ' 
the same as in the preceding group except that the damage was greater. Many 
arteries in the cortex were necrotic and fibrin was present in their lumina. 

Six rabbits were each given a single dose of toxin var 3 dng from 0.1 to 0.25 cc. 
One animal was killed after an interval of 12 hours, one at the end of 20 hours, one 
at 22 hours and three at 24 hours. The kidneys of each animal were severely in- 
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jured. Hemorrhages were present in the cortex, and in some kidne 3 -s small opaque 
areas with a faint j’ellow tinge were found. 

In the animal killed at the end of 12 hours, the histologic study of the kidneys 
revealed hemorrhages between the tubules, engorged glomeruli, some of which had 
fragmenting nuclei, and hemorrhage into the capsular space. Fibrin was present , 
in some of the capillarj' loops and in a few capsular spaces, ilanj' arterioles had 
necrotic walls infiltrated with red blood cells and fibrin, and compact fibrin was 
adherent to their inner surfaces. The epithelial cells of many convoluted tubules 
were so swollen that they obliterated the lumen of the tubules; their nuclei were 
shrunken or had disappeared. Many of these cells were obviously necrotic. 
Leucocytes had collected about these tubules. In the lumina of other convoluted 
tubules, fibrin was found and the epithelium was necrotic. 

The kidnej's of the animal sacrificed at the end of 20 hours showed essentially 
the same changes as those found in the animal killed 1 2 hours after injection. 

In the animal killed at the end of 22 hours, a wide band of necrosis in the 
cortex was found, bordered by interstitial hemorrhage. At the outer margin of 
the necrotic area, the epithelial cells of the tubules were swollen and their nudei 
had disappeared. The capillaries of the glomeruli were greatlj* distended; in many, 
the endothelial cells had disappeared and the epithelium over them was swollen. 

In the central part of the necrotic area, the epithelial cells of the tubules stained 
palely; their nudei were fragmenting. These tubules were somewhat separated 
from each other by edema fluid. There was little hemorrhage between them. The 
glomerular capillaries were not so distended as in the outer zone; they contained 
laked blood and the nudei of the endothelial ceUs were pyknotic. Similar changes 
were found in the epithelial cells of Bowman’s capsule. At the junction of the 
outer and inner zones of the necrotic area fragmenting leucocj'tes were often seen 
densely packed between the tubules. Many of the arteries in the central part of 
the necrotic area were necrotic and their lumina were filled with fibrin while red 
blood cells had escaped into their walls. 

Two of the animals killed at the end of 24 hours presented renal changes identi- 
cal with those described in the animal sacrified at 22 hours. 

In the other animal killed after 24 hours, the renal damage was not so extensive. 
There were sharply localized cortical areas in which some of the glomeruli showed 
dilated capillaries with loss of endothelium and the epithelium -over these loops 
was swollen. The cells of the convoluted tubules were necrotic, swollen and 
anudear. In a few of these areas leucoc}U:es had begun to accumulate. No lesions 
could be found in the arteries. 

Two rabbits were given 0.4 and 0.5 cc. of toxin, respectivel 3 ', and died at the 
end of 2 da 3 's. The changes were identical with those described in the animals 
killed at the end of 22 hours except that more Ieucoc 3 'tes had collected at the 
margin of the necrotic zone. 

One animal, given 0.2 cc. of toxin, was allowed to live for 3 da 3 's. The changes 
in the kidne 3 's were not so advanced. The arteries were normal. Manv glomer- 
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ular capillaries were distended; in a few of them the nuclei of the endothelial cells 
were fragmenting. An occasional glomerulus was found with only a single loop 
distended to a size greater than that of an uninvolved glomerulus, and crowding 
the other loops of the glomerulus against Bowman’s capsule. Other glomeruli 
were bloodless and shrunken. The epithelium over the involved glomeruli was 
unusuall}'- prominent. The epithelium of the convoluted tubules about the injured 
glomeruli had undergone necrosis; fibrin was present in the lumina of these tubules. 
Some of them were being relined with flattened epithelium and necrotic epitlielial 
cells filled the lumen, often in a compact mass. 

EJfect oil Cats 

It was deemed advisable to study the effect of the toxin in an animal 
other than the rabbit; conceivably the changes produced might be 
different. Ten young cats weighing from 460 to 1550 gm, were 
selected. The toxin was injected into one of the leg veins, usually the 
femoral vein. The amount of toxin injected varied from 0.12 cc. to 
1.5 cc. Most of tire animals lost weight. None was killed. In Table 
I is shown the weight of the animal, the amount of toxin given and 
the length of time of survival. 

Gross Changes in the Kidneys . — ^\^dren small doses were given, the 
kidneys presented no gross abnormality. Thus, in seven of tire ani- 
mals the kidneys appeared normal. In one of the other three animals 
the cortical vessels were greatly engorged; in tire otlier two petechiae 
were present in the cortex. The absence of striking gross lesions was 
in contrast to the abnormal appearance of tire kidneys of tire rabbits 
that had been given the toxin. 

Histologic Alterations in the Kidney . — The main effect of tire toxin 
was upon the glomeruli and especially upon tliose glomeruli in tire 
inner half of the cortex. Usually the capillary loops were not 
uniformly involved in any single damaged glomerulus. The extent 
of the damage varied according to tlie amount of the toxin given. 

The earliest detectable change was tlie dilatation of some of the capillarj’’ loops 
of tlie glomerulus, often to three times the normal calibre. The red blood cells in 
these distended loops were frequentlj' pale and in some instances, delicate strands 
of fibrin were present in the capillar}’- lumen. The endothelial cells lining these 
distended capillaries were pale staining, tlieir outlines vague and tlieir nuclei 
fragmented. Occasionally a mitotic figure could be found in the endothelium. 
The epitlielial layer over these damaged capillary loops could not be made out. 
The capsular space was empt}’. No alterations could be detected in the epitlielium 
of the tubules. The arterioles were normal. 



0 


c. 


VONGLiVHN 


and JXJLIA T. VTBtD 



6 


EFFECT OF S. AUREUS TOXIN ON THE KIDNEY 


When a somewhat larger amount of the toxin was given the distention of the 
glomerular capillaries was more marked though frequentl}' only two or three loops 
would be involved. These loops were so dilated that at times the diameter was 
greater than that of an entire uninvolved glomerulus. A few endothelial cells 
could be found in some of the injured glomerular capillaries, and some of them had 
no epithelial covering. Fibrin was present in some of these capillaries. The cap- 
sular space was partially or completely obliterated by the dilated glomerular 
capillaries. .About man}’' glomeruli the capsular space was filled with a solid 
coagulum that in part was composed of fibrin. The coagulum extended down into 
tire first part of some of the proximal convoluted tubules. The epithelial cells 
were absent where the distended glomerular capillaries pressed against the capsule 
of Bowman. In other places the capsular epithelial cells were often larger than 
normal and stained deeply with hematoxylin, as though recently regenerated. 
When the coagulum filled the space, the capsular epithelium had disappeared for 
the most part. There was some flattening of the epithelium b}’- the coagulum 
present in the first part of some of the proximal convoluted tubules. Odier than 
this the only alteration in the epithelium of these tubules that could be detected 
was fine eosin-staining granules in the cytoplasm. The arterioles were normal. 

When the damage was most severe, a compact layer of fibrin was pressed against 
the inner surface of the basement membrane of the distended capillaries of the 
glomeruli and delicate fibrin strands often extended toward tlie center of the 
lumen (Fig. 1). The endotlielium had entirely disappeared in these loops, or cells 
resembling endothelium were occasionally seen extending along the fibrin. The 
red blood cells in the lumina of the distended capillaries stained normally though 
in some instances they were fused together. Sometimes only a single capillary 
loop was involved, the others being crowded aside, compressed against the capsule 
of Bowman and bloodless. The dilated glomerular capillary in some instances 
was covered by proliferating epithelium; over others the epithelium was lacking. 
The capsular epithelium was found sometimes to have proliferated, and mitotic 
figures were occasionally present in these cells. Rarely, a moderate number of 
polymorphonuclear leucocytes was collected at the periphery of the dilated capil- 
lary loop. The capsular space was reduced or almost obliterated by the dilatation 
of the capillaries; frequently what remained of it was filled with a compact mass of 
eosin-staining material, in part fibrin, that extended into and filled the lumen of the 
proximal convoluted tubule. Sometimes red blood cells could be distinguished in 
this coagulum. The tubules immediately adjacent to many involved glomeruli 
were compressed, seemingly because of the distention of the capsule of Bowman by 
the dilated glomerular loops. The epithelium of some of the convoluted tubules 
showed definite necrosis. 

In one animal tlie epithelium of several large groups of tubules in the pyramid 
was necrotic. Hemorrhages were present in the interstitium of the cortex in some 
of the kidneys. An acute inflammatory reaction was rarely observed in the cortical 
interstitial tissue of the kidneys. 

Only one animal in which the renal damage was severe showed any change in 
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the arterioles. In this instance some of the afferent arterioles just outside the 
injured glomeruli contained compact fibrin similar to that in the altered capillarj’- 
loops. 

The basement membranes of the glomerular capillaries were alwa3-s intact 
though stretched and thinned out in the distended loops. In none of the animals 
could anj' other defect in this membrane be discovered. 

DISCUSSION 

It is obvious from the experiments reported here and those of pre- 
vious observers that a to.xin is elaborated by the hemolytic Staphylo- 
coccus aureus in vitro that produces severe damage in the kidneys of 
rabbits and cats. There is, however, Some disagreement as to the 
pathogenesis of the lesion. Levaditi and Neisser, and Neisser and 
Weehsberg believed the lesions to be in the nature of infarcts. Rigdon, 
Joyner and Ricketts were of the opinion that the toxin injured the 
epithelial and endothelial cells of the glomeruli and the epithelium of 
the convoluted tubules and loops of Henle. They also stated that the 
endothelial cells of the glomeruli appeared more resistant to the toxin 
than the epithelium of the tubules. 

In our own material from rabbits definite lesions could be foimd in 
glomeruli as soon as 4 hours after the injection of the toxin and at this 
time some arteries, also, were necrotic. The changes in the vascular 
elements of the kidneys were further advanced than those in the epi- 
thelium of the tubules. ViTen the arteries were occluded by fibrin 
the circulation must have ceased through certain portions of the cortex 
and it would seem most plausible that this occlusion determined in 
many of the kidneys the widespread cortical necroses that are indeed 
of the nature of infarcts. It is of interest that in the rabbits in which 
the arteries were not involved, the widespread infarct-like lesions were 
absent. As regards the changes in the epithelimn of the tubules, these 
could well be accounted for by the interference of the glomerular circu- 
lation resulting from the damage to the capillary loops. 

In the kidneys of the cats the arterioles were seldom injured, the 
initial damage being in the glomerular capillaries. It is difficult, 
however, to explain the varying degree of this damage in the different 
loops of a glomerulus. The changes in the epithelium of the tubules 
were never so intense as in the glomerulus; the most reasonable expla- 
nation for this is that the tubules were involved secondarily. The 
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fact that the arteries were not injured probably accounts for the ab- 
sence of the infarct-like lesions, so commonly found in tlie rabbit’s 
kidneys. 

No lesions comparable to tliose in the kidneys of the rabbits and cats 
could be found in the other viscera of these animals. The toxin when 
injected intravenously appears to damage the kidney selectively and, 
furthermore, to damage primarily the blood vessels of the kidney. 

CONCLUSIONS 

1. The hemolytic Staphylococcus aureus elaborates a toxin in vitro 
that when injected intravenously produces lesions in the kidnej^s of 
rabbits and cats. 

2. The toxin injures primarily the blood vessels of the kidney. 
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EXPLANATION OF PLATE 1 

Fig. 1. Cat ABl. Given two doses of toxin, 0.5 cc. each, at interval of 4 days, 
(a) Two uninvolved glomeruli. Stained -nitli hematoxidin and eosin. X 360. 
(i) Involved glomerulus. One capillary loop is greatly distended; it contains 
much fibrin. Other glomerular capillaries are compressed against capsule of 
Bowman. Capsular space filled wdth compact coagulum that is composed in part 
of fibrin. The coagulum extends down into the first portion of the convoluted 
tubule. Stained with liemato.xylin and eosin. X 360. 
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Material and Methods 

Fifty-eight young guinea pigs weighing between 250 and 400 gm. were used. 
They were kept in large cages and fed a diet of oats, hay, lettuce, and water. 
Nine were used for variable dosage tests, thirty-three were cortin-treated, and 
sixteen were test controls. 

Purified, three times recr 3 '^stallized egg albumin,^ was chosen as a sensitizing and 
shocldng agent by reason of its being a single antigen. A sensitizing dose of 1 mg. 
of egg albumin was given intraperitoneally to all animals. The interval between 
sensitizing dose and shocldng dose was in eacli case 14 days. 

A few preliminarj’^ experiments using from 5 to 40 mg. doses showed that 13 mg. 
given intraperitoneallj'' would cause fatal anaphylactic shock in less than 35 
minutes. This was the amount used for all controls and all cortin-treated animals. 
Controls were included whenever a series of cortin-treated animals received shock- 
ing doses. 

The cortin was prepared bj' one of us from fresh beef adrenals and was made up 
in normal saline solution. Extract prepared according to two different methods 
did not alter the results significantly. Both tj^pes had been proven potent bj' 
administration to adrenalectomized cats. Each guinea pig received a single dose 
of 3 cc. of a solution of the hormone in the muscles of a hind leg. The interval 
between injection of cortin and the injection of tlie shocking dose varied in different 
cases between 1 hour and 27 hours. Some of the controls received Ringer solution 
in amounts equivalent to the cortin given, with no differences in their reactions. 

RESULTS 

Sixteen control animals were used and fourteen of these died in less 
than 35 minutes (Table I). A typical case (B 15) showed the usual 
first signs of shock and was weak and recumbent within 5 minutes 
after the intraperitoneal injection of the antigen dose. The cliarac- 
teristic spasmodic breathing began 5 minutes later, increased in in- 
tensity, and 24 minutes after the administration of the albumin the 
animal was dead. Two animals that survived (B 41 and B 42) were 
found at autopsy to have adrenals larger than normal. Two others 
intended for use in the control series survived longer than 14, hour. 
The autopsies showed definite lung infections. All other animals 
that had been kept with these were autopsied carefully after use, and 

^ This was kindly furnished by Dr. M. Heidelberger of the Department of Bio- 
logical Chemistrj% whom we take this opportunity to thank. We also wish to 
thank Dr. Beatrice Seegal of the Department of Bacteriology for advice at the 
beginning of these experiments, and Mr. John S. Wolf for his help in some of the 
experimental procedures. 
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TABLE I 


Corlin Protection against Anaphylactic Shock 


1 mg. sensitizing dose and 13 mg. shocking dose given intraperiloncally in all 
cases. All treated animals received a single intramuscular injection of 3 cc. of 
cortin. 


Control anim.'il 

Survival time 

Corlin;trcatcd 

animal 

Interval Irctwccn 
cortin and shock- 

SurWval time 



inK injections 



mift. 


hrs. 

mm. 

B 33 

18 

B34 

1 

31 

B 32 

26 

B 31 

1 

33 

B 35 

26 

B36 

1 

38 

B44 

25 

B43 

1^ 

24 



B4S 

li 

27 



B46 

n 

46 



A 21 

2J 

Survived 

B 13 

23 

B 20 

31 

IS 

B 15 

24 

B 16 

3J 

27 

B 12 

26 

B 17 

3J 

34 

.B 14 

28 

B 19 

3.J 

Survived 



B 18 

3J 

Survived 



B 11 

3J 

Survived 

B3 

13 

B 1 

31 

64 

B 7 

34 

B2 

3i 

Survived 



BS 

3J 

Survived 

A 36 

17 

A 33 


Survived 



A 32 

4} 

Survived 

A3 

5 

A7 

! 3i 

56 

A2 

10 

A5 

4^- 

Survived 



I A4 

5i 

20 



! A1 

5^ 

23 

fB 33 

IS] 

B3S 

11 

17 

]b32 

26 * 

B37 

11 

30 

[b 35 

26] 

B 40 

11 

60 



B39 

11 

Survived 

B 50 

20 

B 49 

17 

25 

B 41 

Survived 

B 47 

17 

31 

B 42 

Survived 

B 45 

17 

55 

fB 3 

13) 

B 6 

24 

14 

\b 7 

34/* 

B 10 

24 

60 



B 9 

24 

63 



A6 

27 

41 


* Same controls as above. 
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CORTIN PROTECTION AGAINST SHOCK 


body. We feel, however, that emphasis laid on the role of the medulla 
has obscured the part played by the cortex. The foregoing experi- 
ments show that corticoadrenal extracts by themselves have a definite 
anti-anaphylactic value. Cortin has also been used with some suc- 
cess in the closely related histamine shock (6) and in a few cases of 
traumatic shock (15). 

We believe that the natural protective action involves first the cor- 
tex and then the medulla. The speed, duration and extent of the 
changes produced by adrenalin and cortin have been shovm to differ 
in respect to carbon dioxide capacity (7) and carbohydrate mobiliza- 
tion (16). The same thing appears to be true in anaphylaxis. The 
use of adrenalin has been found to be most effective at the time of 
shocking, whereas in our experience cortin is best used several hours 
earlier. Cortin appears to have a general effect on the syndrome of 
shock, whereas adrenalin (as well as atropine) seems to have a symp- 
tomatic effect on allergic phenomena. 

In experimental anaphylactic and other types of shock, certain 
blood changes have been described. There is a lowered carbon diox- 
ide capacity (10, 17), a decreased plasma volume (18, 15), and a rise 
in serum potassium (19). In experimental adrenal insufficiency also, 
one finds a low carbon dioxide capacity (7), diminished plasma volume 
(18, 15), and a high serum potassium (20, 7). Conversely, cortin in- 
jection is followed by increased carbon dioxide capacity (21, 22, 7) 
and plasma volume (15) and a lowered serum potassium (7). Fur- 
thermore, the low carbon dioxide capacity in adrenal insufficiency is 
associated with a loss of serum sodium and the latter is also increased 
after cortin administration (7). In experiments on both anaphylactic 
shock (9-13) and adrenal insufficiency (8) it has been found that the 
use of relatively large amounts of sodium salts was of some benefit. 
There seems to be a similarity in the blood changes of both conditions. 

In the absence of more definite information, we suggest that cortin 
protects from anaphylactic shock by reason of its regulatory effect 
upon ionic and other changes dangerous to the health of the organism. 

SUMMARY 

Studies have been made on a possible protective action of cortin in 
the prevention of anaphylactic shock induced by crystallized egg 
albumin. 
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Of sixteen control guinea pigs only two survived. 

Sixteen of thirty-three cortin-treated animals received hormone at 
the optimum period of from 2 to 6 hours before the shocking dose. 
Nine survived and two others showed some protection. In groups 
treated at other time intervals the evidence of protection is 
inconclusive. 

2 weeks after the first test the cortin-treated survivors succiunbed to 
a second antigen dose, which was not preceded by cortical extract. 
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PRESERVATION OE RICKETTSIAE IN CULTURES 


1931, from guinea pigs infected with the murine type of typhus fever, ‘ 
have been carried without interruption in cultures by successive trans- 
fers, using the method described in an earlier paper (3). During the 
3 years which have elapsed since these cultures were initiated, there 
has been no evidence of diminution in virulence, the febrile reactions 
and scrotal lesions obtained in guinea pigs with the last generations 
being indistinguishable from those produced by the passage strain 
which has been maintained in animals. Rickettsiae are, as a rule, 
found in enormous numbers in the tissue bits in routine cultures (the 
stained preparations resembling those of ordinary bacterial cultures 
in this respect) and are readily demonstrable in the tunica exudate in 
guinea pigs infected with these cultures. 

EXPERIMENTAL 

A murine strain of typhus fever was used throughout this work. For the prep- 
aration and staining of the cultures, reference is made to the previous paper (3). 
In these experiments the serum-Tyrode medium was used as described e.vcept that 
the ratio of serum to Tyrode solution was 1 to S respectively and phenol red (0.0012 
per cent) as an indicator was added to the latter. In the later generations tlie stock 
cultures were transferred routinely about once a month. 

All of the flasks of each experiment summarized in Tables I and II were prepared 
simultaneously, using the same inoculum and medium constituents, and placed in 
the same incubator for 10 to 14 days, at the end of which time slides were made 
from 2 or 3 flasks to determine whether satisfactory multiplication had occurred. 
The remaining unopened flasks were then kept at the following temperatures: 
37°, 20°, —4° and — 20°C. After the intervals given in the protocols, the cultures 
were transferred to fresh medium and inoculated intraperitoneally into male 
guinea pigs to determine both the viability and virulence of the cultures. The 
febrile reaction and the development of scrotal lesions in eacli guinea pig were 
charted. When the symptoms had subsided, the animal was killed, and an emul- 
sion of the brain was used to transfer the infection to other male guinea pigs. At 
the first indication of infection in these latter animals the scrotal lesions were 
examined for rickettsiae, and blood- cultures were made from the heart’s blood to 
rule out concomitant infections. Microscopical examination for rickettsiae and 
blood cultures were not made on the first animals injected with culture material 
as that would have necessitated killing the animals in the early stage of the disease, 
so that the course of the febrile and scrotal reactions would have been incomplete. 


^ Wilmington strain for which we are greatly indebted to Dr. W. G. McCo}^ 
Director of the United States Public Health Service. 
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PRESERVATION OE RICKETTSIAE IN CULTURES 


Preliminary experiments had shown that the cultures could be kept 
at such low temperatures quite as satisfactorily as at 37°C. There- 
fore, tests were not made in these particular experiments until the 
cultures had been stored for several months. The results from three 
separate experiments are given in Table II. At the end of 10 weeks 


TABLE II 

Survival of Typhus Fever Richetlsiae in Cultures (53rd Generation) Stored at 

-20° to -25°C. and 37°C. 



the cultures in each experiment were found to be viable and virulent 
at both temperatures, whereas storage for 16 weeks was not entirely 
satisfactory at either temperature. In Experiment 1 for instance, 
tliere was no difficulty in recovering cultures from material stored for 
16 weeks at either temperature, but there seemed to be some loss in 
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PRESERVATION OP RICKETTSIAE IN CULTURES 


out of 3 after 5 weeks. At 37° and — 20°C. the results were not 
always as uniform, some cultures kept at 37° surviving longer than 
others of the same series at — 20°, and vice versa, but in general, cultures 
survived at both these temperatures for several months as compared to 
several days or weeks at the intermediate temperatures of —4° and 
20°C. respectively, so that cultures were routinely stored at 37° and 
— 20° during two successive summers for 10 to 12 week intervals and 
easily recovered with the first transfers thereafter. 

To determine whether the results of the above experiments were 
influenced by a possible adaptation of the rickettsiae to culture condi- 
tions, similar tests were made on first generation cultures and on 
infected tunica suspended in the serum-Tyrode mixture, the flasks for 
both experiments being kept unopened at 37°C. for the intervals given 
in Table III. At the expiration of the stated intervals, the cultures 
in the first generation series were transferred, some of the material 
from each flask being injected into guinea pigs for virulence. Excel- 
lent cultures were obtained from those stored for IS weeks, as well as 
for 8 and 10 weeks. The guinea pigs all showed typical typhus infec- 
tion and rickettsiae were found in tunica scrapings when such examina- 
tions were made. The flasks in the series with infected tunica were 
tested by injecting guinea pigs. After 10 weeks’ storage, such material 
produced a typical infection with a temperature of 40.2° on the 6th 
day, accompanied by intense scrotal swelling, the slides from the exu- 
date showing rickettsiae. This method of preserving the infectious- 
ness of tissues from typhus-infected guinea pigs would thus seem to be 
as satisfactory if not better than that of freezing and storing the whole 
brain or spleen in stoppered bottles at — 20°C., which has been used in 
this and other laboratories. No systematic comparison between tliese 
two methods has been made, but it would seem that tlie former may 
be preferable, especially in the case of the murine typhus. 

DISCUSSION 

Earlier attempts to preserve the infectiousness of blood and tissues 
from typhus-infected animals were attended with variable success. 
Landsteiner and Hausmann (10) found that emulsions of brain from 
typhus-infected guinea pigs remained virulent for at least 6 days at 
0°C. and 7 days if kept frozen. Olitsky (11,12) found that blood from 
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PRESERVATION OE RICKETTSIAE IN CULTURES 


It has been stated by a number of investigators that certain viruses 
remain viable in cultures only as long as the tissue remains viable. 
Thus Hecke (18) who has reported in detail on the cultivation of the 
virus of foot and mouth disease, states that the death of the tissue in 
the medium is accompanied by rapid destruction of virus, adding that 
tissue necrosis is well known to cause the destruction of virus. Hal- 
lauer (19) found that the titer of his cultures of chicken plague dropped 
rapidly after the 4th day of incubation. He considered this to be due 
to the susceptibility of the brain tissue to the virus, the latter increas- 
ing rapidly to a concentration which caused the death of the tissue 
and with it that of the virus. Haagen and Theiler (20) express the 
opinion, as the result of their work on the cultivation of the virus of 
yellow fever, that this virus also requires the presence of living tissue 
in order to remain viable itself in vitro. These authors also report a 
drop in titer beginning with the 4th or 5tli day of incubation. Con- 
cerning the behavior of typhus fever rickettsiae in culture, Pinkerton 
and Hass (6) state that the rickettsiae seem to require for their propa- 
gation and survival, cells in which metabolism is taking place. They 
observed that the organisms disappear in less than 1 week when the 
cells undergo degeneration. 

One may assume that in the experiments described in this paper the 
prolonged viability of the organisms was not dependent on that of the 
tissue once multiplication had taken place, for it would not seem pos- 
sible that tissue could remain alive for several months at 37°C. in the 
medium described. It has previously (3) been pointed out that the 
rickettsiae are similar to viruses in general in that they also seem to 
require living tissue for their multiplication in vitro. Whether the 
preservation of cultures of filterable viruses under conditions similar 
to those suitable for rickettsiae would be possible requires further 
study. 

Pinkerton and Hass (6) state that rickettsiae disappear in successive 
transplants more rapidly from cultures kept at 37.5° than at 32°. 
An explanation for the apparent discrepancy between our results and 
those of Pinkerton at 37° may lie in the different cultural conditions 
involved, the latter using growing tissue imbedded in coagulated 
plasma. We have noted that the acidity produced in such cultures 
is considerably retarded at 32° as compared with 37°. 



Solar,no«P'“f “"tavario«s t^P^^rtoag ^ *e 

viataW ° ■intermediat t J oigamsm® ca ^^nation 

_20" tat "“>• “ identical 1“; „taUy fcda ^ ^ 

„*er coadiW®^™^ "“'’“Sy, "at ’'^ « for a veiy 

■m the ato”“g d the at 20 

“P'rf r^t tU at 32° [^Ucance eS *=^tuie= kept at 
much 'aasea „ etiotogiefa = , j^ess „i general 

Withiegatd^ ^ the ri„d5o!ti»eaee-Be 

viable “,en carried hr 

iniectedintoa stn>£^^'^ mleiound to remain 

• rkettsiae vrere as a 90 ° C- ior several 

ir-;s2i2-ss3.KS^. 

TvtVvs wbereas j 4°C- 1®^ ^ '!’-°r‘ tor S mottos ^ 

niontns, „o g^nd j at 3/ j to be viabie 

""d ;S aniectnently lo-d to 

In one ms ri';ierted, r on orsniusm 

having been ra ^ surviva o gi^erable 

-f^t'Sdirions laaa»“;f,3:ie ior m^tiphcarion 

V ^^eema » reqaite 't"”; d. . tunica) suspended 

** “ „ general) are disc ea P'S infectious at 

"TCasUctcd t^aes gnshs remained 

, Oie etiologiea' -«escUd. 

^ ifoUedi- 

rickettsiae m typ 



26 


PRESERVATION OF RICKETTSIAE IN CULTURES 


BIBLIOGRAPHY' 

1. Nigg, C., and Landsteiner, K., Proc. Soc. Exp. Biol, and Med., 1930, 28, 3. 

2. Maitland, H. B., and Maitland, M. C., Lancet, 1928, 2, 596. 

3. Nigg, C., and Landsteiner, K,, J. Exp. Med., 1932, 65, 563. 

4. Sato, K., Dcntsch. med. Wocfi., 1931, 67, 892, 1409. 

5. Pinkerton, H., and Hass, G. M., J, Exp. Med., 1931, 64, 307. 

6. Pinkerton, H., and Hass, G. M., J. Exp. Med., 1932, 66, 131, 145. 

7. Hoshizaki, S., Kitasato Arch. Exp. Med., 1932, 9, 155. 

8. Yu, I., Centr. Baht., 1. A bt., Orig., 1932, 124, 181; 126, 411. 

9. Kemp, H. A., Am. J. Prop. Med., 1933, 13, 191. 

10. Landsteiner, K., and Hausmann, W., Med. Klin., 1918, 14, 515. 

11. Olitsky, P. K., J. Exp. Med., 1922, 36, 115. 

12. Olitsky, P. K., Proc. Soc. Exp. Biol, and Med., 1925, 22, 399. 

13. Hoshizaki, S., J. Orient. Med., 1929, 11, 146. 

14. Laigret, J., and Durand, R., Arch. Inst. Pasteur Tunis, 1933, 22, 499, 

15. Laigret, J., and Durand, R., Compt. rend. Soc. biol., 1933, 114, 897. 

16. Kemp, H. A., Proc. Soc. Exp. Biol, and Med., 1932, 29, 353. 

17. Bruynoghe, R., and Jadin, J., Arch, internal, med. exp., 1933, 8, 513. 

18. Hecke, F., Centr. Baht., 1. Abt., Orig., 1932, 126, 93. 

19. Hallauer, C., Z. Hyg. u. Infeklionskrankh., 1931-32, 113, 61. 

20. Haagen, E., and Theiler, M., Centr. Bakl., 1. Abt., Orig., 1932, 126, 145. 



PROPERTIES OF THE CAUSATIVE AGENT OF A 
CHICKEN TUMOR 

X. Chemical Properties or Chicken Tumor Extracts 
By albert CLAUDE, iLD. 

(From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, June 15, 1934) 

The present investigation has to do with the physical and chemical 
properties of active extracts prepared from chicken tumor tissues, on 
the assumption that the neoplastic principle may exist in solutions, 
combined with a certain number of normal or pathological products. 
The first group of observations to be described have been briefly 
reported in previous communications (1). More attention is given 
here to the chemical results. In the following paper, methods for 
further purification of the active extracts are reported. The purifica- 
tion of the tumor extracts so far obtained is presented as an intro- 
duction to the study of the chemical characteristics of the specific 
agent. 

Until recently few attempts had been made to study the properties 
of the active tumor extracts by direct chemical means. Sugiura and 
Benedict (2) foimd that half saturation with ammonium suKate pro- 
duced a precipitate in Berkefeld filtrates of chicken tumor material. 
The activity of the filtrate appeared to go with the precipitate, which 
they designated as the “globulin” fraction, while the “albumin” 
fraction was inactive. In this laboratory, fractional precipitation 
was secured by means of electrodialysis with the tumor-producing 
activity definitely going with the precipitate (3). The precipitation 
was found to be due to acidification resulting from electrodialj^is, 
not to the reduction in the salt concentration. A similar fraction 
carrying the activity was produced by bringing the acidity of con- 
centrated Berkefeld filtrates to or beyond pH 4.8. Below pH 4.0 
both fractions are inactivated. A less clear-cut separation of the 
agent with a “globulin” fraction has been also reported by Frankel 

27 



28 


CAUSATIVE AGENT OF A CHICKEN TUMOR. X 


(4), who induced an acid reaction in tumor extracts by bubbling 
through carbon dioxide. However, we have not been able to demon- 
strate the presence of true globulin in chicken tumor extracts. 

Analysis of the active fraction obtained by electrodialysis or by the 
addition of weak acid gave figures for the nitrogen and phosphorus 
which did not differ materially from those given by the full tumor 
extract. Moreover, later work showed that most of the tumor pro- 
tein could be removed without affecting sensibly the tumor-producing 
activity. 

So7(rce of Material and Preparation of Extracts 

The tumor used throughout the studies was the spindle cell sarcoma known 
as the Rous sarcoma, or Chicken Tumor I of tlie Rockefeller Institute series. In 
the preparation of the material great care was taken to free the “healtliy” tumor 
tissue from the necrotic parts and from the surrounding normal and reactive tissue. 

Extracts from Fresh Tnmor Tissue. — ^The usual method of extraction is to grind 
thoroughfy with sterile sand 25 gm. of tumor pulp obtained by passing the tissue 
through a masher and slowlj' adding 500 cc. of distilled water. The reaction is 
maintained between pH 7.2 and 7.4 bj' tlie use of 0.1 n NaOH. The mixture 
is carefull}'’ shaken to insure homogeneous extraction and tlie larger particles are 
removed by centrifugation. This material, sometimes prepared with a different 
proportion of solvent, will be referred to as tumor extract. 

Berkcfeld Filtrates. — ^The tumor extract is filtered through Berkefeld V candles 
under 30 lb. of air pressure. In a sample experiment the dry weight of 1 cc. of 
extract was 4.8 mg. while that of tlie filtrate was 1.9 mg. However, the process 
of filtration involves appreciable loss in the active agent. For this reason, and 
in order to overcome the dilution necessary to make possible filtration, we regu- 
larly concentrated the filtrate. This was accomplished in Norton alundum tliim- 
bles lined with an 8 per cent solution of cotton in glacial acetic acid (5). Widi 
reduced air pressure an 8- to 10-fold fluid concentration can be obtained in tlie 
course of 2 to 3 hours. The material will be referred to as concentrated filtrate. 

Extracts from Desiccated Tumor Tissue. — ^Murplw (6) has shown tliat it is 
possible to preserve tlie tumor agent OA^er long periods in desiccated tissue, pro- 
vided the desiccation is brought about rapidN at a low temperature. The tumor 
pulp is placed in vacuum jars with sulfuric acid as delwdrating agent and desicca- 
tion allowed to take place in the ice bo.x. The great variabilit}’^ of fillers and the 
frequency with whicli filtrates of low potency are encountered has led to tlie use 
of extracts from desiccated material whenever this is possible. As routine, a 
number of powdered desiccates are pooled, sifted through a fine mesh, thoroughly 
mixed, and the grade of activity tested in advance by inoculation into chickens. 
The preparation is then stored in sealed tubes. Thus sufficient material of known 
activity may be secured for a number of months of experimentation. It is es- 
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adequate acidity. If an excess of acid is added at once, a mucoid 
precipitate forms, which contracts, clearing the fluid of most of the 
dissolved material. Better fractionation is obtained when buffer 
solutions of a convenient pH are used. In this case, the presence of 
the salt itself has a definite action on the physical properties of the 
precipitate, which becomes flocculent; and substances which other- 
wise would be absorbed remain in solution. 

The main part of the fraction carried down by acid precipitation 
has the physical characters and the chemical composition of a muco- 
protein. This protein fraction can be brought again into solution 
upon treatment with alkali. Salt, for example NaCl or sodium 
acetate, also increases the solubility of chicken tumor extracts, which 
lose their typical mucoid characteristics. Neutral or alkaline filtrates 
of fresh tumor tissue are not coagulated by heat and they retain their 
original limpidity. If salt is present a slight opalescence develops, 
but no actual precipitation is obtained on boiling. 

The chicken tumor agent will stand liigh salt concentration, from 1 
per cent NaCl to half saturation with ammonium sulfate, whicli gives 
rise to precipitation without inactivation. The agent generally goes 
with any precipitate produced in the fluid if precautions are not taken, 
doubtless as the result of adsorption. This adsorption is apparently 
not specific. In case of acid fractionation the activity is associated 
with the precipitate, except when the reaction has been allowed to 
drop below pH 4.0, at which point the agent is regularly inactivated. 

Purification of active extracts obtained in these ways has been con- 
tinued, but as yet no attempts have been made to isolate the agent 
itself by direct chemical means. The following methods were devised 
for the successive elimination of inactive contaminating fractions, 
the volume of the original solution being maintained practically con- 
stant. The first practical step in purification was the separation of 
the agent from the major part of the chicken tumor proteins. 

Purification by Adsorption 

Leitch first applied the method of adsorption and elution to the 
study of chicken tumor material (7). Other investigations have 
shown that a variety of substances can adsorb or inactivate the 
chicken tumor agent (8). Kaolin, alumina gel, and charcoal have 
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iiigs with distilled water do not affect the composition of the product. Other 
attempts to rid the gel of the associated sulfate group have failed, as its removal 
changes the properties and the adsorbing power of the gel. The amount of bound 
sulfate corresponds to about 0.60 mg. SO 4 per cc. 

During the process of adsorption there is an exchange of ions taking place, 
probably with the free phosphate radicals, while appreciable amounts of sulfate 
go into solution. This fact has no practical bearing on the results except when 
total sulfur analysis is involved, in which case dialysis or barium precipitation 
may be resorted to. 

Technique of Adsorption . — In the procedure of adsorption, the proportion of 
adsorbent to tumor extract has been kept constant, one volume of concentrated 
filtrate or of extract from desiccate being treated with an equal volume of our 
concentrated aluminum hydroxide suspension. Prior to use, the aluminum hy- 
droxide is first centrifuged for a short time, avoiding tlie formation of a too com- 
pact deposit, and the excess of water is discarded. This precaution was found 
necessary in order to avoid dilution of the active materia], wliicli would have dis- 
turbed quantitative determination with respect to the chemistr}’' and potency of 
purified extracts. The gelatinous deposit is added to the tumor extract and 
shaken together until a homogeneous mixture is obtained. The adsorbed ma- 
terial is spun down and the supernatant fluid collected by decantation and filtered 
through coarse paper. 

Washing of Adsorbate . — The deposit collected after adsorption is washed with 
distilled water and the washings are repeated as many times as may be required 
to rid the gel of all the non-adsorbed but adherent material. The last washings 
which prove to be clear and colorless are as a rule devoid of any tumor-producing 
activity and respond negatively to the usual color tests. For the present series 
of experiments analysis of this fluid gave average figures amounting to 0.005 mg. 
nitrogen and 0.023 mg. reducing substances per cc. 

Elution . — The alkaline agent used for elution has been mainly dibasic sodium 
phosphate at 0.07 m concentration or more often as a 1 per cent solution. The 
washed deposit was extracted by shaking for 3 minutes with a volume of phos- 
phate solution equal to the volume of the original extract. After centrifugation 
the released fraction was filtered through coarse paper. The material obtained by 
elution generally carries over the color of the first tumor extract. The biuret, 
Millon, ninhydrin tests, and tlie diazo reaction are positive. An abundant pre- 
cipitate is obtained at pH 4.7 by the addition of acetic acid. On analysis the 
figures obtained are as high as 0.147 mg. nitrogen and 0.161 mg. reducing sub- 
stance per cc. The tumor-producing activity of this material is about 50 per 
cent of that of the crude extract. As this step does not constitute an improve- 
ment as regards the purification of the agent, this fraction has not been included 
in the present study. The properties of the other extracts will be considered 
separately. 
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These results show that the process of adsorption has removed the 
bulk of the proteins and the supernatant fluid has retained only 8 to 
11 per cent of the total nitrogen originall)’^ present in the plain tumor 
extract. 

The aluminum supernatant has no reducing power on Fehling’s solution. 
After acid Itydrob^sis, however, reducing substances appear and the test becomes 
strongly positive. The Molisdi test is definitelj’^ positive with diaracteristic color 
rings. Positive naphthoresordn reaction is suggestive of the presence of glucu- 
ronic acid. As in the case of the crude extracts it is found that acid hj'drolj'sis 
liberates large amounts of reducing substances in the purified fraction. Calcu- 
lated as glucose, the 3 'ield was 0.098 and 0.138 mg. per cc. respectiveh', whether 
fresh filtrate or tumor desiccate was used for tlie preparation of the solutions. 
These values correspond to 21.6 per cent of the reducing substances originally 
found in the plain extract, hloreover, the aluminum supernatant has a content 
of about 0.011 mg. non-diffusible sulfur per cc., or more tlian 3.0 per cent as 
figured for the dial 3 ’’zed material. However, the sodium nitroprusside test for 
— SH groups and the Sdiiff reaction for aldeh 3 -de are negative. The bound sulfur 
is easUy released by acid hydrotysis. 

These results and the study of other chemical tests support the 
view that the main component present in the fluid after adsorption is 
a carbohydrate; namely, chondroitin-sulfuric acid. IMoreover, tlie 
high viscosity already noted with crude extracts and especially 
characteristic of the aluminum supernatant fluid can be ascribed 
directly to the physical state of the carbohydrate itself. The viscosity 
of the material is rapidly lost on acid hydrolysis. 

Other observations are in line with the above mentioned con- 
clusions. 

The solubilit 3 f of this fraction is not affected b 3 ' dilute acetic acid or buffered 
solutions of higher h 3 fdrogen ion concentration. The addition of 1 or 2 volumes 
of glacial acetic acid produces the separation of the substance as a white, flocculent 
material. Treatment of the aluminum supernatant with 2 volumes of acetone, 
95 per cent alcohol, or with an alcohol-ether mixture has the same effect. 

Cr 3 ’stalline hexosamines have been recovered and an osazone obtained from 
tlie isolated material after treatment with strong acid. 

Tmuor-Producing Agent in Aluminum Supernatant Fluid . — ^The 
results as concerns the tumor-producing activity of the extracts so 
far studied have been analyzed in other publications (12). It was 
found tliat, allowing for the effect of the removal of an inhibiting 
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content of the active extracts, with an index of the tumor-producing 
activit5\ 

In addition to tlie fact that the main tests for proteins have become 
negative, 92.0 per cent of tlie nitrogen and 78.4 per cent of the reduc- 


TABLE ni 

ResuHs from Analysis and Inoculation Tests of the Tumor Extracts before and after 

Adsorption* 



With concentrated filtrate 

With desiccate eitracts 

Nitro- 

gen 

Reduc- 

ing 

suga,rs 

Tumor- 

produc- 

inj: 

actiNdty 

Nitro- 

gen 

Reduc- 

ing 

sugars 

Tumor- 

produc- 

ing 

activity 

Tumor extracts 

Aluminum supernatant fluid.- 

Amount removed by adsorption 

per cent 

100.0 

8.0 

92.0 


per cent 

100.0 

101.3 

0.0 

per cent 

100.0 

11.1 

88.9 


per cent 

100.0 

100.0 

0.0 


* Figures calculated on the basis of the original extracts as 100. 


TABLE rv 

Color Tests on Chicken Tumor Extracts before and after Adsorption with Aluminum 

Hydroxide 


Reaction 

Tumor extract 

Aluminum 

supernatant 

Biuret 

+-b-h+ 


Xanthoproteic reaction 


— 

Millon’s 

(but not tjT>ical) 


Molisch’s 

++++ 

+ +++ 

Naplithoresorcinol 


+ +++ 

Schiff ’s (for nucleic acid) 



Sodium nitroprusside (for — SH) 



Ninhydrin 


++ + 

Diazo reaction 

-1 — 1 — 1 — h 

+ + + 



ing substances have been discarded as inactive, contaminating prod- 
ucts. However, the ninhydrin test and the diazo reaction remain 
strongly positive. 

Additional Properties of the Ahnninwn Supernatant Fluid. ^The 
next point in the investigation was to establish tlie relationship which 
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■would avist between the carboh3'^drate present in the active extract 
and the tumor-producing acti\dt3’' itself. Many reagents were tested 
and a number were found to precipitate the carbohydrate from the 
fluid. 

The more characteristic of these reagents were a certain number of basic dyes, 
especially safranine and neutral red. When some of a 0.5 per cent aqueous solu- 
tion of neutral red is added to the aluminum supernatant, the viscosity first 
increases and the fluid becomes gelatinous. On shaking, the precipitate contracts 
and separates as a mucoid material floating on the surface, leaving a fluid, dear 
and deprived of viscositj". The presence of salts changes the character of the 
predpitate. In 1 per cent NaCl the predpitate becomes flocculent, while in 3 per 
cent salt the compound is completely soluble. The latter property ■was used for 
the redissohdng of the dj'e-carbohydrate fraction when the purification of the 
aluminum supernatant was attempted by this method. Analj'ses for reducing 
substances were as follows: aluminum supernatant: 0.173 mg. glucose per cc; 
neutral red predpitate, v.ashed and redissolved: 0.136 mg. glucose per cc The 
chicken tumor actmty was lost during the procedure, not as the result of a direct 
tome effect of the dye which from other tests had been found to be innocuous to 
the agent, but probably owing to the physical character of the predpitation itself. 
Nevertheless, the neutral red reaction has been found veiy useful and is used in 
the laboratorj- as a routine test for the detection of the carbohydrate in chicken 
tumor extracts. 

Certain salts of heavy metals, such as silver nitrate, mercuric acetate, ferric 
chloride, gold chloride, predpitate the aluminum supernatant, but only when the 
additv' has dropped below pH 4.0 by the decomposition of the chemicals and 
liberation of strong add. At that point the chicken tumor agent is inactivated. 
A certain fraction of the purified extract predpitates out on addition of basic lead 
acetate, with the reaction remaining around neutralit>% Predpitation occurs with 
uranium acetate and copper acetate with the reaction at pH 6.0. In this case 
the predpitation is incomplete or the excess of the reagent induces an acute reac- 
tion in the host. 

Furification of the Aluminum Supernatant Fluid by Precipitation 

with Gelatin 

The properties and chemical reactions shown by the aluminum 
supernatant fluid demonstrate that the protein content is relative!}’- 
low and that the constituent of next importance is a carbohydrate, 
mucoitin- or chondroitin-sulfuric acid. Additional purification by 
means of ordinary precipitating reagents could not be accomplished 
on account of the immediate destruction of the agent following the 
use of chemicals gi'ving insoluble combinations with the carbohydrate. 
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A method was then devised for the removal of this compound with a 
basic protein. The method originated in the fact that the tumor 
carbohydrate has a slightly acid character and may pre-exist normally 
as the prosthetic group of chicken tumor mucoproteins. Gelatin was 
selected on account of favorable chemical properties and because of a 
certain hypothetical genetic relationship which it was believed exists 
between the two compounds in the connective tissues. 

It was found by preliminary tests that when gelatin is added to the al umin um 
supernatant fluid, and the reaction adjusted at or below pH 4.8, precipitation is 
induced in the mixture. No precipitation occurs in either the aluminum super- 
natant or the gelatin solution alone on acidification. Likewise, there is no appar- 
ent reaction taking place between the chicken tumor material and the gelatin 
when mixed together. 

If enough acetic acid is added at once, a mucoid precipitate develops in the 
mixture, similar in appearance to that obtained from an ordinary mucoprotein 
solution. Very dilute acetic acid added progressively, acetic acid in presence of 
salts, or buffered solutions at a convenient pH, bring about a flocculent precipitate 
provided the acidity reaches at least pH 4.8. The optimal conditions for the 
precipitation are at pH 4.7, at which point the precipitation is complete while 
the corresponding acidity has no harmful effect on the agent. 

For the present investigation our source of material has been extracts prepared 
from desiccated tumor tissue only, and the adsorption and removal of the proteins 
has been performed in the usual manner. 

To 10 cc. of the aluminum supernatant fluid is added 1 cc. of a 2 per cent 
commercial gelatin solution (Gold Label). The reaction is brought to pH 4.7 by 
means of 0.1 m acetate solution at pH 4.6 (usually 2 cc.) and the reagents mixed 
together. On standing for 10 to 20 minutes, a voluminous, flocculent precipitate 
forms and separates slowly. The precipitate is removed by centrifugation and 
the gelatin supernatant filtered through course paper. The gelatin precipitate is 
washed several times in 0.02 m acetate buffer at pH 4.6 and redissolved in a 
sufficient amount of Ringer’s solution to bring tlie volume back to that of the 
original extract. 

Gelatin Supernatant Fluid . — ^Tlie material recovered after gelatin 
precipitation is a water-clear, colorless fluid, which is devoid of the 
usual viscosity of active tumor extracts. Qualitative tests indicate 
that the carbohydrate retained in abundance in the aluminum super- 
natant has been eliminated by the isoelectric precipitation of the new 
gelatin compound. The gelatin supernatant is no longer precipitated 
by basic dyes, basic lead acetate, mercuric acetate, or Millon’s re- 
agent. The naphthorescorcin test for glucuronic acid is negative 
while strongly positive on the gelatin precipitate. 
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viscosity of tlie tumor extract. Witli some experience tlic adsorption 
of the active agent on the gelatin precipitate can be easily avoided. 

The results reported indicate that a material remaining after ad- 
sorption on aluminum hydroxide and representing about one-third 
of the total solids found in active aluminum supernatant fluids is 
eliminated by the gelatin method. This substance which is present 
in all chidcen tumor extracts is not connected with the tumor-pro- 
ducing activity. 


SUMMARV 

A brief description is given of tlie main physical and chemical 
characteristics of active chicken tumor extracts. By special methods 
constituents have been removed from the active solution; (1) the 
major part of the tumor-proteins, which are adsorbed on alumina gel 
and discarded; (2) a carbohydrate, present in large amounts in tlie 
tumor extract, is eliminated by precipitation in combination with 
gelatin. In both cases the tumor principle is not directly affected 
and largely remains in active form in the solution. 
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The tumor pulp obtained in the usual way (1) was ground with sterile sand 
into a homogeneous paste. The sand was ordinary beach sand repeatedly treated 
with dilute nitric acid and washed with distilled water. Care was taken that 
before use the sand be acid-free, since any important shift in the h 3 ''drogen ion 
concentration of the tumor extract on either side of tlie neutral point maj’^ greatly 
affect the condition of tlie subsequent adsorption. 

The tumor paste was stirred witli cold distilled water which was added in small 
quantities totalling in volume 12 times the weight of the original tumor pulp. 
The extraction was finished by shaking the mixture for 2 minutes. The debris 
was separated by centrifuging the mixture for 10 minutes and then the super- 
natant fluid was filtered tlirough sterile gauze. 

Water preparations obtained in this waj^ have the general characteristics of 
ordinary extracts of Chicken Tumor I. In the present work no alkali was used 
in the extraction and tlie reaction of the fluid remained around pH 7.0 to 7.3. 

It was important to obtain extracts free from bacterial contamination, in view 
of the quantitative chemical anabasis. As the filtration through Berkefeld candles 
was avoided, care was taken to secure sterile tumors as starting material. In 
this study all fractions obtained from tumor extracts, including tlie diatyzed 
solutions, were regularl}' tested for sterilit}'^ on brodi and agar media. The cul- 
ture tests were always found to be negative except those of tlie last dialj'zed frac- 
tion with whidi the media sometimes showed occasional isolated cultures after 
several days incubation. 

Adsorption . — The extract of tumor pulp was fractionated by direct treatment 
with an equal volume of concentrated aluminum Itydroxide preparation, as de- 
scribed in the previous paper (1). After centrifugation tlie supernatant fluid 
was filtered through coarse paper to insure homogeneity of the solution. This 
filtrate did not differ in its general diaracteristics from the aluminum supernatant 
fluid obtained heretofore from concentrated Berkefeld filtrates or from extracts of 
tumor desiccates. This fraction was used tliroughout as die starting material. 

Dialysis . — The usual methods of diatysis were too slow to be used in this work, 
because of the inactivation of the chicken tumor agent, espedallj'^ rapid in cell-free 
preparations. A satisfactory method was found bj’’ the use of a device adapted 
by Northrop and Kunitz (2) to hasten diffusion tlirough collodion membranes. 
With this technique the end-point of dialysis of chicken tumor extracts was 
readied within a few hours. 

Collodion Bags . — ^The bags were prepared by rotating mechanically for 20 
minutes 6 cc. of Merck’s u.s.p. collodion (4 per cent b}' weight in etlier-alcohol 
solution) in 150 x IS mm. test tubes kept in a nearly horizontal position. The 
la}"er of collodion was aerated by the flow of about 500 cc. of air produced by 
the displacement of an equal volume of water. This current of air was blown 
gently through a glass tube introduced in tlie test tube during the last 10 minutes 
of rotation. The collodion membrane was then washed several times with water, 
removed from the glass, and tested. These collodion bags can be stored in dis- 
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or at times by the colorimetric method described by Leiboff (9). The procedure 
of Van Sl 3 'ke (4) for micro Kjeldalil digestion was applied to the digestion of the 
tumor material, except that the sulfuric-phosphoric acid reagent was replaced by 
a sulfuric-nitric acid mixture. If large amounts of protein were present, oxida- 
tion was more easily accomplished by the use of sodium chlorate in place of per- 
suKate. The formation of perchloric acid and the danger of explosion were pre- 
vented b}'^ dilution of the acid mixture as follows: 1 volume concentrated HsSOj, 
2 volumes HNOj, and 3 volumes H 2 O. This acid mixture was used in the propor- 
tion of 1 cc. to 0.5 gm. of chlorate. The samples were pipetted into 200 by 25 mm. 
test tubes of pyrex glass and evaporated to drjmess in the water batli. 1 cc. of 
water was added to each tube prior to digestion. The digestion was conducted 
until cr 3 ’'Stallization of the salt began to take place. Then 5 cc. of water were 
added and the digestion mixture boiled for 5 minutes. In some instances the 
material was treated b 3 '' tlie Carius method. 

Inoculation Tests for Activity . — Samples of the solutions at different stages of 
dialysis were tested for tumor-producing activity by intracutaneous inoculation 
into normal chickens of 0.2 cc. of each fraction. The original material, inoculated 
similar^ in the same bird, served as simultaneous control. The size of the skin 
tumors produced was recorded 2 or 3 weeks after injection, according to individual 
variations in the rate of growth. The percentage of positive inoculations was 
taken as another index of the tumor-producing power of the extracts. In the 
tables tliese two figures have been combined in order to obtain a single index of 
potency. These figures are not intended to give an accurate measure of the 
actual content of active principle in the extracts, but so far it seems to be a close 
estimation of the actual ability of different solutions to induce tumors. 

RESULTS 

E^ect of Dialysis upon the Total Dry Weight and the Tumor-Produemg 
Activity of Chicken Tumor Extracts 

Adsorption to aluminum hydroxide of a large portion of the inac- 
tive constituents of the tumor extracts had already been shown. Ac- 
cording to the present data, about 74 per cent by weight of the dry 
material had been eliminated in this manner. Furthermore, 73.2 per 
cent of the aluminum supernatant fluid was found to consist of diffusi- 
ble products. 

Figures given in Table I show that the diffusion was rapid: of the 
diffusible substances four-fifths escaped during the 1st hour and prac- 
tically all within 3 hours. This treatment reduced the dry weight to 
0.43 mg. per cc. of dialyzed extract, with upper and lower limits of 
0.61 and 0.16 mg, per cc., compared with 1.60 mg. per cc. for the alumi- 
num supernatant fluid and 6.14 mg. per cc. for the water extract. 
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As this investigation was carried out mainly to establish suitable 
methods of purification and to determine the direction of subsequent 
analysis of tumor extracts, no special care was taken to secure prepara- 
tions in their purest form. Were these obser\'ations to be applied to 


TABLE I 

Effect of Dialysis on Ike Total Solids in Chicken Tumor Extract 



Eitracts from desiccate 

Fresh tissue extracts 



Experiment No 

. 


U 

m 

ms 

IV 

V 

Avetase 

Extract 
















rsf. 

ftr 

cc» 

per 

cent 

rr^S. 

per 

ec. 

per 

cent 

per 

ce^ 

Per 

cent 

nt- 

per 

u. 

per 

cent 

tr.?. 

per 

cc. 

per 

cent 

ns. 

per 

a. 

per 

cent 

tr.s. 

per 

cc. 

per 

cent 

E 

7.60 


8.65 


3 54 


5.17 


4.70 


5.21 


6,14 


Sa 

1.90 

100.0 

l.£0 

100 0 

1.50 

100 0 

1.51 

100.0 

1.38 

100.0 

1.52 

100.0 

1.60 

100.0 

SaDi 

0.55 

2S.9 

0.22 

12 2 

raw 

37.3 

0 52 

34 4 



0.6S 

«.7 

0.52 

32.5 

SaD: 


31. S 

0 20 

III 

0.34 

22 6 

0.42 

27.8 

o.« 

46.3 

0. a4 

35.5 

lillB 

2S.1 

SaDj 

! 0.60 

31. S 

0.16 

8.S 

0.33 

22.0 

0-39 

23.8 

0.61 

44.1 

0.50 

32.9 

0.43 

26. S 


The following abbreviations are used throughout the tables: E = tiunor 
extract; Sa = supernatant fluid after adsorption on aluminum hydroxide; SaDi 
= Sa after 1 hour of dialj-sis; SaDs = Sa after 2 hours of dialysis, etc. 

In calculating the per cent of drj" residue left after dialysis the total solids 
content of the aluminum supernatant fluid (Sa) has been taken as a basis. 


TABLE H 

Tumor-Producing Activity of Extracts {Combined Results from Seven Experiments) 


Extract 

Total No, 
of inoculations 

Average size of 
tumors* 

Positive inoculations 

Index of tumor- 
prodedng activity 

E 

27 

cm. 

2. 7x2. 3 

per cent 

100 

100 

Sa 

47 

2.6 X 2.0 

100 

84 

SaDi 

42 

1.9x 1.5 

70 

46 

SaDj 

39 

1. 5x1.1 

55 

26 

SaDj 

32 

1. 2x0,9 

26 

17 


* Measurements of tumors were made 14 days after injection. 


the purification of extracts on a larger scale much lower figures would 
be e.xpected. 

As shown by the average measurements reproduced in Table 11 
there was a rapid loss of tumor-producing actmtj' during the process 
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of dialysis. In the course of the 1st hour tliis loss of activity amounted 
to 46 per cent of the tumor-producing activity of the untreated control 
Sa. After 3 hours treatment, the dialyzed extract retained but 20 per 
cent of activity of the untreated control. 

Before any suggestion could be made regarding the cliemical consti- 
tution of the extracts, the fate of the active principle during dialysis 
had to be ascertained. Dialysis had but a slight effect on the reaction 
of the treated solution. Dialyzed extracts were usuall}’’ more acid 
but the change rarely went beyond pH 6.4. Progressive inactivation 
was first thought to be due to an interphase phenomenon as a result 
of the shaking. Since the first experiments were conducted at room 
temperature anotlier explanation concerned the effect of heat and 
shaking. It was also supposed tliat the removal of electrolytes from 
the fluid might have played a part in the inactivation. Each of these 
explanations was tested. According to our experience the possibility 
of the agent passing through the membrane was the least probable. 

Effect of Shaking upon the Tumor-Inducing Activity at Low Tempera- 
ture. — The preservation of the activity in extracts over the relatively 
short period of experimentation appeared to be dependent mainly on 
the temperature at which the experiment was conducted. 

In these e.xperiments the technique devised for diatysis v^s used, e.vcept that 
glass tubes or glass tubes lined witli collodion were substituted for the semi- 
permeable collodion bags. After periods of 2 or 3 hours shaking, die activity 
of tliese solutions was compared with that of the untreated extracts. 

On standing 3 hours at room temperature (22°C.) the power to 
induce tumors exhibited by the freslily prepared supernatants was 
reduced about 50 per cent, whereas on storage for 3 hours at 12-14°C. 
there was no reduction in tumor-producing activity. Shaking was 
found to accelerate inactivation slightly. 

Increase of Activity by Dialysis at 12°C. — Wffien dialysis was per- 
formed at relatively low temperatures for 3 hours, the material 
retained by the collodion bags exhibited a tumor-producing activity 
greater than that of undialyzed extracts kept under the same condi- 
tions. These results are illustrated in Tables III and V. This in- 
crease of potency was especially marked witli extracts submitted to 
dialysis for periods of 1 or 2 hours; the area of the resulting tumor 
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sometimes reached tudce the size of those produced by the non- 
dialyzed material. When the treatment was continued over com- 
paratively long periods, from 3 to 5 hours, some inactivation occurred 


TABLE in 

Effect of Shaking and Dialysis on the Tnmor-Producing Aclixtily of Aluminum 

S:ipcrnalanl 


Experiment 

No. 

Extract 

Temperature 

Time 

Index of tamOT-produdng 
activity 

ShaHnj plus 
dialysis 

STiaking 

alone 



-c. 

krs. 



I 

Sa (untreated control) 

14 

1| 

100 

100 


Sa (treated) 

14 

1| 

134 

100 


Sa (treated) 

14 

3 

96 

84 

n 

Sa (untreated control) 

12 

3 

100 

100 


Sa (treated) 

12 

3 

119 

98 


TABLE IV 

Effect of Salt Concentration on the Activity of Dialysed Tumor Extracts*" 


Tumor extract 

g 

e 

u 


>■ 

a 

is 

a 

o 

c 

S 

.bS 

*o 

o 

w: 

O V- 
« £ 

p 

c*> 

gs 

^ e 

^ tc 

G e 


£ 

E 

b 




S' “ 




D 


& 




'C 

krs. 

Piff. 
ptr cc. 


per 

cent 

cm. 


SaDi, dialyzed against distilled water 

12 

1* 

0.42 

4 

100 

2.2 s: 1.6 

100 

SaRi, dialyzed against Ringer’s solution 

12 

i| 

9.70 

4 

100 

2.7 s 1.8 

136 

SaDj, dialyzed against distilled water 

12 

3 

0.29 

4 

100 

1.9 1 1.3 

100 

SaRj, dialyzed against Ringer’s solution 

12 

3 

9.90 

4 

100 

2.2s 1.6 

142 

SaDj, alone 

12 

3 

0.29 

6 

100 

2.2 s 1.5 

100 

SaD,, plus 9 mg. NaCl per cc. 

12 

3 

0.29 

6 

100 

2.1 X 1.6 

100 


* Measurements of tumors were made 14 days after injection. 


even at these temperatures. The increase of tumor-producing 
activity during the first period of dialysis may result from the dif- 
fusion of inhibiting substance present in the tumor e.vtract. 

Salt Concentration and Tumor-Producing Activity . — ^The drj" weight 
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of the dialyzed extract was often reduced as much as 0.2 mg. total 
solids per cc. This represents a salt concentration inferior to that of 
isotonic solutions. 

Experiments were conducted substituting Ringer’s solution for 
distilled water as the fluid flowing through the glass chamber con- 
taining the collodion bag. In another test, 9 mg. per cc. of crystalline 
sodium chloride were added to the dialyzed portion prior to injection. 
In tliis case no difference could be detected in the tumor-producing 
activity before and after addition of sodium chloride. On the other 
hand, the data given in Table IV show that the use of Ringer’s solu- 
tion resulted in an increase of the tumor-producing activity. 


TABLE V 

Effect of Adsorption and Dialysis at 14°C. on the Content of Solids and Potency of 

Chicken Tumor Extracts 





Total solids content 

Inoculation tests (14 day tumors) 

Tumor-induc- 
ing actitnty 


Time of 
dialysis 

Temper- 

ature 







per mg. dry 

Extract 

Dry 

weight 

U) 

Reduc- 
tion of 
dry 
weight 

No. of 
areas 
injected 

Positive 

inocula- 

tions 

Average size 
of tumors 

Index of 
activity 
(.B) 

weight 

A 


lirs. 

°C. 

ms. Per 
cc. 

per cent 


per cent 

cm. 



E 


14 

5.50 

— 

8 



100 

18 

Sa 


14 

1.28 

78.8 

8 

100 

1.7x1. 2 

102 

80 

SaDi 


14 

0,42 

92.4 

8 

100 

2.3x 1.7 

195 

464 

SaDa 

3 

14 

0.29 

94.8 

20 


1.9x 1.4 

133 

459* 


* Concentration of tumor-inducing activity attained was 459/18 = 25.5 times 
that of the extract. 


The Effect of Adsorplioti and Dialysis upon the Concentration of the 
Agent of Chicken Tumor I. — When water extracts of tumor pulp were 
fractionated by adsorption and the aluminum supernatant was 
dialyzed rapidly at 14°C. the tumor activity in the purified product 
was found to be increased per unit volume of fluid and per unit weight 
of solid. The total content of solid was reduced from 5.50 mg. per cc. 
to 0.29 mg. per cc., a reduction of 95 per cent, whereas the tumor- 
producing activity was increased 33 per cent. It follows that the 
eventual concentration had 25 times the tumor-producing power of 
the initial watery extract. These results are given in Table V. The 
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Then the amount of nitrogen corresponding to the computed amount 
of carbohydrate and of tlie phosphatides may be subtracted from the 

TABLE VI 

Effecl of Adsorption and Dialysis on the Chemical Content of Active Tumor Extracts 
Analysis on Extracts from Desiccates and Fresh Tissue Extracts {Combined 
Results from Seven Experiments) 


Extract 

Total nitrogen 

Reducing substances 

Total sulCur 

Total phosphorus 

Mg. per cc. 

Per cent in dry 
weight 

Relative amount 
in extracts 

o 

u 

u 

a 

Per cent in dry 
weight 

Relative amount 
in extracts 

u 

u 

k 

1 

Per cent in dry 
weight 

Relative amount 
in extracts 

Precipitation with 
barium 

u 

o 

o 

C. 

tc 

s 

b 

.s 

O 

0*5 
w. k 
ej ^ 

Relative amount 
in extracts 

E 

0.586 

9.0 


0.525 

8.2 



1.1 



H 


100.0 

Sa 

0.104 

6.3 

17.7 


8.8 

27.4 


4.3 


+++ + 



10.7 

SaDj 


5.2 

7.3 


19.0 

17.7 




+ + 

nm ! 

1.23 

10.7 

SaDj 


7.2 

6.4 


iBlil 

15.6 


2.5 


dt 

^ ' 

1.24 


SaDa 


7.4 

6.1 

E 

18.7 

15.2 


2.2 

16.8 

— 

B 

1.24 

m 


The results of the analysis obtained in milligrams per cubic centimeter are also 
given in per cent of the corresponding total dry weight of each solution. In the 
last column of each section tlie relative amount in each fraction has been calcu- 
lated on the basis of the content of the crude extract taken as 100. 


TABLE Vn 

Proportion of Nitrogen in Unidentified Substances of the N on-Diffusible Fraction 


Substances of non-diilusiblc fraction 

Dry weight 

1 

Nitrogen 
for compu- 
tation j 

i 

Nitrogen 

content 

(deter- 

mined) 

Nitrogen 

content 

(com- 

puted) 

Proportion 
of nitrogen 
to drj’ 
weight 


ffij. per cc. 

per cent 

mj. per cc. 

mg. per cc. 

per cent 

Total 

0.430 


0.032 


7.5 

Identified /Carbohydrate 


3.0 




[Phospholipids 

0.107 

1.7 




Unidentified 

0.230 



IB 

11.7 


Dry weight of carbohydrate was computed from 0.080 mg. glucose b}-^ multi- 
plying by where 85.1 is the per cent of glucose in chondroitin-sulfuric acid. 

Dry weight of phospholipids represents the dry weight of the acetone and 
alcohol-ether extracts of dried non-diffusible fraction. 

total nitrogen found in the last extract. The results of these cal- 
culations are showm in Table VII. 
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Usually over 70 per cent of this compound in terms of glucose was 
eliminated by adsorption to alumina gel. In spite of this adsorption 
the ratio of reducing substances to the total solids was practically the 
same in the aluminum supernatant fluid as in the water extract; 
e.g., 8.8 and 8.2 per cent respectively. Less than half of the reducing 
substances which were not adsorbed were readily diffusible and this 
amount diffused during the 1st hour of dialysis. Since greater pro- 
portions of other components were separated by dialysis, the ratio 
of reducing substances to total solids increased in the dialyzed ma- 
terial. After 3 hours dialysis the proportion of reducing substances 
was 16 per cent in purified extracts prepared from tumor pulp and 
21.8 per cent in purified extracts prepared from tumor desiccates. 
The results are presented in Table VI and show that about 15 per 
cent of the reducing substances is retained by the dialyzed aluminum 
supernatant. If these values are calculated in terms of chondroitin- 
sulfuric acid, more than 22 per cent of the non-diffusible fraction is 
shown to be represented by this inactive product. The activity 
remains with the other unidentified constituents. 

Total Sulfur . — No free sulfate could be detected in Berkefeld filtrates 
or in pulp extracts of Chicken Tumor I by the usual methods of 
precipitation. Some sulfate from the alumina gel which was used to 
adsorb inactive substances was released during adsorption (1). There- 
fore, determination of the total sulfur in aluminum supernatant fluid 
could not be accomplished without preliminary treatment with 
barium. The use of dialysis eliminated the need of preliminary 
barium precipitation.^ The extraneous sulfate in aluminum super- 
natant fluid was separated by diffusion after the 3rd hour, as shown by 
precipitation tests with barium. 

As shown in Table VI, total sulfur in the water extract amounted to 
about 0.065 mg. per cc., or 1.1 per cent of the total dry solids. The 
total sulfur in dialyzed fractions amounted to as high as 0.011 mg. per 
cc., or 2.2 per cent of the dry weight of the purified fraction. Ac- 

^ Precipitation of inorganic sulfate, induced in active tumor extracts by means 
of barium salts, had no harmful effect on the tumor-producing activity of the 
extract provided the precipitation was carried out at a convenient pH. Either 
barium hj'droxide or barium acetate solutions adjusted to pH 7.0 by means of 
acetic acid were used for this purpose. 
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cordingly, 16.8 per cent of the total sulfur present in the original 
water extract was retained after adsorption and dialysis. No attempts 
have been made to determine the amounts of neutral sulfur or ethereal 
sulfate or to establish what part of the non-diffusible sulfur should be 
ascribed to the tumor carbohydrate. The sodium nitroprusside 
reaction for sulfhydryl groups was always negative. 

Total Phosphorus . — ^The results of analysis of the tumor material 
showed that the total phosphorus content of the water extract was 
about 0.056 mg. per cc. or 0.87 per cent. Of this amount at least 90 
per cent had been removed by adsorption to aluminum hydroxide. A 
very small portion of the unadsorbed phosphorus diffused during dialy- 
sis and probably represented some of the inorganic phosphate present 
in the water extract which had failed to combine with the gel. After 
dialysis the non-diffusible phosphorus amounted to 1.24 per cent of the 
solids of the dialyzed fraction, or 0.005 mg. per cc. of solution. A 
considerable part, if not all, of this non-diffusible phosphorus belonged 
probably to phospholipids which were foimd to account for about 25 
per cent of the solids of the dialyzed extract. The averaged results 
from seven experiments are given in Table \T. The amoimt of phos- 
phorus detected in the dialyzed fraction was too small to permit of a 
discussion of its significance. A definite estimation of the role played 
by phosphorus compounds in the production of tiunors must await 
analyses of larger quantities of material. 

Extraction of Lipoids 

Lipoid Extraction of Tumor Desiccates . — 3 gm. of finely sifted tumor desiccate, 
prepared in the usual manner, were e.Ttracted 3 times with dry acetone. Each 
extraction consisted in shaking the powder with 120 cc. dry- acetone for 3 hours 
at room temperature. After the last acetone extraction, the acetone-insoluble 
part of the powder was treated similarly with an alcohol-ether mixture (2 volumes 
absolute alcohol and 1 volume absolute ether). The acetone and alcohol-ether 
extracts were evaporated to dryness and the residue was weighed. The tumor 
material was rid of traces of solvents by evaporation in vacuo in the presence of 
sulfuric add. The fat-free powder was extracted with water and inoculation 
tests were made for tumor-producing activity. 

The amount of fat-free tumor powder recovered was 2,581 gm. and 
the total lipoid amounted to 0.417 gm.; 14 per cent of the desiccated 
tumor tissue was found to be soluble in fat solvents. Inoculation 



52 


CAUSATIVE AGENT OF A CHICKEN TUMOR. XI 


Usually over 70 per cent of this compound in terms of glucose was 
eliminated by adsorption to alumina gel. In spite of this adsorption 
the ratio of reducing substances to the total solids was practically the 
same in the aluminum supernatant fluid as in the water extract; 
e.g., 8.8 and 8.2 per cent respectively. Less than half of the reducing 
substances which were not adsorbed were readily diffusible and this 
amount diffused during the 1st hour of dialysis. Since greater pro- 
portions of other components were separated by dialysis, the ratio 
of reducing substances to total solids increased in the dialyzed ma- 
terial. After 3 hours dialysis the proportion of reducing substances 
was 16 per cent in purified extracts prepared from tumor pulp and 
21.8 per cent in purified extracts prepared from tumor desiccates. 
The results are presented in Table VI and show that about 15 per 
cent of the reducing substances is retained by the dialyzed aluminum 
supernatant. If these values are calculated in terms of chondroitin- 
sulfuric acid, more than 22 per cent of the non-diffusible fraction is 
shown to be represented by this inactive product. The activity 
remains with the other unidentified constituents. 

Total Sulfur . — No free sulfate could be detected in Berkefeld filtrates 
or in pulp extracts of Chicken Tumor I by the usual methods of 
precipitation. Some sulfate from the alumina gel which was used to 
adsorb inactive substances was released during adsorption (1). There- 
fore, determination of the total sulfur in aluminum supernatant fluid 
could not be accomplished without preliminary treatment with 
barium. The use of dialysis eliminated the need of preliminary 
barium precipitation.^ The extraneous sulfate in aluminum super- 
natant fluid was separated by diffusion after the 3rd hour, as shown by 
precipitation tests with barium. 

As shown in Table VI, total sulfur in the water extract amounted to 
about 0.065 mg. per cc., or 1.1 per cent of the total dry solids. The 
total sulfur in dialyzed fractions amounted to as high as 0.011 mg. per 
cc., or 2.2 per cent of the dry weight of the purified fraction. Ac- 

' Precipitation of inorganic sulfate, induced in active tumor e.\tracts by means 
of barium salts, had no harmful effect on the tumor-producing activity of the 
extract provided the precipitation was carried out at a convenient pH. Either 
barium hydroxide or barium acetate solutions adjusted to pH 7.0 by means of 
acetic acid were used for this purpose. 
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cordingly, 16.8 per cent of the total sulfur present in the original 
water extract was retained after adsorption and dialysis. No attempts 
have been made to determine the amounts of neutral sulfur or ethereal 
sulfate or to establish what part of the non-diffusible sulfur should be 
ascribed to the tumor carbohydrate. The sodium nitroprusside 
reaction for sulfhydryl groups was always negative. 

Total Phosphorus . — ^The results of analysis of the tumor material 
showed that the total phosphorus content of the water extract was 
about 0.056 mg. per cc. or 0.87 per cent. Of this amount at least 90 
per cent had been removed by adsorption to aluminum hydroxide. A 
very smaU portion of the imad sorbed phosphorus diffused during dialy- 
sis and probably represented some of the inorganic phosphate present 
in the w’ater extract which had failed to combine with the gel. After 
dialysis the non-diffusible phosphorus amounted to 1.24 per cent of the 
solids of the dialyzed fraction, or 0.005 mg. per cc. of solution. A 
considerable part, if not all, of this non-diffusible phosphorus belonged 
probably to phospholipids which were found to account for about 25 
per cent of the soUds of the dialyzed extract. The averaged results 
from seven experiments are given in Table \T. The amount of phos- 
phorus detected in the dialyzed fraction was too small to permit of a 
discussion of its significance. A definite estimation of the role plaj’^ed 
by phosphorus compounds in the production of tumors must await 
analyses of larger quantities of material. 

Extraction of Lipoids 

Lipoid Extraction of Tumor Desiccates . — ^3 gm. of finely sifted tumor desiccate, 
prepared in the usual manner, were extracted 3 times with dr>' acetone. Each 
extraction consisted in shaking the powder with 120 cc. diy acetone for 3 hours 
at room temperature. After the last acetone extraction, the acetone-insoluble 
part of the powder was treated similarly with an alcohol-ether mixture (2 volumes 
absolute alcohol and 1 volume absolute ether). The acetone and alcohol-ether 
extracts were evaporated to drjTiess and the residue was weighed. The tumor 
material was rid of traces of solvents by evaporation in vacuo in the presence of 
sulfuric add. The fat-free powder was extracted with water and inoculation 
tests were made for tumor-producing activity. 

The amount of fat-free tumor powder recovered was 2.581 gm. and 
the total lipoid amounted to 0.417 gm.; 14 per cent of the desiccated 
tumor tissue was found to be soluble in fat solvents. Inoculation 
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tests made before and after treatment of the tumor desiccates showed 
that the tumor-producing activity was unaffected by acetone and 
alcohol-ether extraction. 

Lipoid Extraction of Tumor Extracts. — ^Tlie various tumor fractions were dis- 
tributed in 3 cc. samples in small, tared dishes (pyrex), and evaporated to dryness 
on the water bath. The residue was a thin, continuous film, adherent to the 
glass. The drying was completed b}"- heating 2 hours at 105°C. "Wnien the 
extraction was to be followed by inoculation tests for activity the material was 
dried in the presence of sulfuric acid at a reduced pressure of 10 mm. Hg. A 
loose web, unfit for quantitative manipulation, forms if the evaporation is per- 


TABLE VIII 


Combined Lipoid Extraction by Acetone and Alcohol-Ether Mixture 


Experiment 

No 

Vila 

VII& 

IX 

Combined results 

Extract 

Total solids 

Lipoid 

extraction 

Total solids 

Lipoid 

extraction 

Total solids 

Lipoid 

extraction 

Total solids 

Lipoid 

extraction 

Amount 

extracted 

Relative 

amount 

Amount 

extracted 

Relative 

amount 

Amount 

extracted 

Relative 

amount 

Amount 

extracted 

Relative 

amount 

E 

Sa 

SaD, 


1 

per 

cent 

24.3 

54.7 

26.6 



ms- 

per 

cc. 

1.35 

0.76 

0.23 



per 

cent 

23.2 

49.0 

28.7 

per 

cent 

100.0 

56.2 

17.0 

ms- 

per 

cc. 

7.45 

1.68 

0.26 

ms. 

per 

cc. 

1.70 

0.85 

0.06 

per 

cent 

22.8 

50.5 

25.3 


ms. 

per 

cc. 

6.21 

1.49 

0.45 

ms. 

per 

cc. 

1.46 

0.76 

0.12 

pc’- 

cent 

23.4 

51.4 
26.8 

per 

cent 

100.0 

52.0 

8.2 


formed at lower pressures. The dr}' material was covered by 5 cc. of the solvent 
and the dishes kept in a closed jar for 3 hours. Then the solution was decanted 
and the residue treated with anotlier sample of solvent. The extraction was 
performed 3 times with dry acetone and 3 times with an alcohol-etlier mixture 
consisting of 2 volumes of absolute alcohol and 1 volume of ether. The acetone 
and alcohol-ether extracts were analyzed separately or together. The soluble 
fractions were recovered by evaporation to dryness on a water bath, and the 
amount extracted determined by weight of the residue. 

23.4 per cent of the water extract treated in this manner was found 
to be soluble in organic solvents. About one-half of this lipoid frac- 
tion was separated by adsorption to aluminum hydroxide gel. Over 
50 per cent of the solids in the aluminum supernatant fluid was soluble 
in organic solvents. Furthermore, it was shown that most of this 
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sulfur detected in the water extracts of Chicken Tumor I is derived 
from the tumor carbohydrate. Another important portion, amount- 
ing to one-fourth of the active residue, was found to consist of phos- 
pholipoids. Further fractionation of the residue and identification 
of the additional chemical products must be continued in order to 
determine whether the tumor-producing property may be connected 
with one of these chemical constituents. Experiments are under 
way to separate the non-diffusible lipoids from the residual proteins. 

At this stage the chemical nature of the tumor agent cannot be dis- 
cussed. The only test available at present for the detection of the 
tumor principle is the biological test. In view of the lack of informa- 
tion regarding the amount of specific agent or the number of units 
necessary for the induction of a positive test, i.e. the initiation of a 
tumor, it is impossible to say whether chemical determinations on the 
material now available will prove informative. The lack of in- 
formation concerning the real nature of the filterable agents causing 
chicken tumors seems to justify our attempt to apply biochemical 
methods to their study. 

Whatever the outcome of the work, the identification of the inactive 
chemical constituents of chicken tumor extracts and the use of purified 
solutions should facilitate the study of the properties of the specific 
agents. 

SUMMARY 

The fractionation of active chicken tumor extracts has been 
continued. 

1. By a rapid method of dialysis the diffusible fraction of the 
treated extract, representing about 75 per cent of the solids, has 
been eliminated without reducing the tumor-producing activity. 

2. Combined methods of fractionation have resulted in the elimina- 
tion of as much as 95 per cent of the total solids of the extract as 
inactive constituents. Since there was some concomitant enhance- 
ment of the activity of the agent the results were equivalent to a 
25-fold concentration of it in terms of dry weight. 

3. The chemical content of the undiffusible fraction has been de- 
termined in terms of total nitrogen, reducing substances, sulfur, 
phosphorus, and lipoids. 



4. Tie eW 

'^^^itioneofitsrexnainr the h! 

constituents ^‘^“^c-produdug 

I- CJaude, A, 7. 7 ^^^^IOGRapby 

■ Northrop, J. H a \ ^935, 61, 2; 

J , ,, 

R 23I; 6 ti. 

’--■.a.Ve'oSi/C- 

■ I-eiboff, s. L 7 r . ’^°^^lyse, Berlin T„r 

'?" Slyfe i « C//,,. 

j t’ "• ^ ”■ 

■' Longmans, Green ?nTr^°‘®“®’ ^even 

and Co., 1925 °a Sjochemistty 




THE DEMONSTRATION OF A TUIMOR GROWTH-IN- 
HIBITING FACTOR FROM NORjMAL HUMAN 
CONNECTRH TISSUE 


By JOHN J. JIORTON, M.D., akd DANIEL N. BEERS, M.D. 

{From the Department of Surgery, The University of Rochester School of Medicine and 
Dentistry, Rochester, N. Y.) 

(Received for publication, October 24, 1934) 

Murphy and his coworkers among others have shown than an in- 
hibiting factor can be isolated from fowl sarcoma, capable of neutraliz- 
ing the causative agent of this tumor (1). This factor also prevents 
the growth of transplantable mouse sarcomas, thus demonstrating 
that it is not a species-specific agent (2). In a more recent study 
these investigators have further extended their search for agents 
which have the power of inhibiting growth in transplantable mam- 
malian carcinomas. They have found that extracts from normal 
animal embryo skin and placenta jdeld substances which exert definite 
retarding action on two transplantable carcinomas of mice, but have 
no effect on mouse sarcomas (3, 4). No definite inhibition was noted 
in fresh extracts, desiccation of the material being necessary to produce 
the optimum inhibitory effect. 

As soon as the methods were available, an investigation was imder- 
taken in our laboratories on sources of inhibitors in human tissues. 
We have studied extracts of fresh human placenta, of pectoral muscle, 
of rectus sheath, and of uterine fibroids. After some preliminary 
trials it seemed best to limit our work to one type of tissue extract and 
to defer experimentation on the other tissues to a later date. Since 
the extracts of human connective tissue (rectus sheath) have indicated 
more of promise than the others, we confined our attention to these. 

Material and Method 

In all e.Yperiments -white rats appro.ximatel}- 4 months of age were used. These 
rats were bred from our ewn stock strain. This strain has been used e.ttensivelj' 
here in connection with the test tumor and is not resistant to it. The rat tumor, 

59 



62 


TUMOR GROWTH-INHIBITING PACTOR FROM TISSUE 


tumor had attained an average size of 3.0 x 1.5 cm. whereas the fresh 
human fascia extract had caused a complete inhibition in the case of 
the others. This identical result was attained in three separate ex- 
periments. In three other experiments results as indicated in Fig. 2 
were noted. The growth in the control series behaved as usual but 


Rat Tumor No. E56 - grafts 

*}■ -f- 

Fresh human Saline solution 






10 per cent neq. 10 per cent neq. 


Fig. 3. The connective tissue extract caused decided retardation of the tumors 
for 3 weeks. After that period the retarded tumors grew faster tlian tlie controls. 
This occurred in one experiment only. The silhouettes are one-third the size of 
the growths. 


there was not complete inhibition of all of the test tumors, though a 
definite retardation was noted in all cases. In two of tliese experi- 
ments three small tumors grew in the test animals, and in tlie third 
experiment five such tumors appeared. In a seventh experiment the 
controls grew as usual, but altliough there was a definite slowing and 
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TABLE I 


Matciial inoculated 
Rat Tumor 256 

Experi- 

tncDt 

No. 

No. of 
test rats 
inocu- 
lated 

No. of 
lest 
tumors 
at 5 wks. 

Average size 
at 5 wks. 

No. of 
controls 
inocu- 
lated 

No. of 
tumors 
at 5 wks. 

Average size 
at 5 vrks. 

Fresh human 

1 

n 

0 

cm. 

n 

9 

cm. 

3.13 1 1.75 

rectus sheath 

2 

Is 

0 

— 

IB 

9 

3.20 X 1.54 


3 

IS 

5 

1.2 1 0.42 

IB 


3.16x2.01 


4 

10 

3 

0.83x0.46 

IB 


3.18x 1.64 


5 

10 

0 

— 

IB 

9 

3.04x 1.72 


6 

10 

3 

0.92x0.43 

IB 

8 

3.15x1.96 



15 

14 

3.75 X 1.95 

H 

14 

3.05 X 2.02 

Totals 

H 

75 

25 


75 

69 
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Fig. 4. Muscle tissue e.xtract had 
one-third the size of the growths. 
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inhibition to the 3rd week, 14 of the 15 test tumors not only grew but 
actually seemed to grow faster than the controls when once the in- 
hibition had been overcome. At the end of the 5 weeks period these 
test tumors measured slightly more than the controls. This is shown 
in Fig. 3. The results of all tliese experiments are listed in Table I. 

In contrast to tlie action of extracts of connective tissue we have 
presented in Fig. 4 the outcome of a tj^iical experiment with extracts 
of human muscle, in which exactly the same method of preparation 
was utilized. Here any effect noted was well within the normal varia- 
tion in behavior of the tumor. 

DISCUSSION 

These observations are perhaps too few to warrant any sweeping 
deductions. It is fully realized tliat much more evidence must be 
accumulated witli other test tumors. This is now being done in our 
laboratories. The results noted, however, may be taken to indicate 
trends which can be proved or disproved later. The work of Murphy 
and his collaborators seems to point to the interaction of two forces 
inherent in every cell to maintain it in a balanced state. Under 
normal conditions the balance is perfectly controlled. These regu- 
lators in each cell must be small in quantity and easily changed over 
to some other form. The experiments made by Murphy and his 
coworkers show that it is possible to extract both stimulators and in- 
hibitors from the tissues. It has seemed to us from long observations 
on healing wounds that there must be a mutual interplay of forces 
between tissues derived from different embryological layers. Thus, 
in every healing wound the balance must be carefully adjusted 
between the epithelium on the one side and the granulation tissue on 
the other. It seems probable that embryonic types of connective 
tissue contain inhibitors for epithelium at certain stages, i.c. near the 
scar-forming period; and that earlier in the red active stage the 
epithelium is stimulated by the granulation tissue. It W'as for this 
reason that we decided to try extracts of the more undifferentiated 
type of connective tissue against an epithelial tumor. Rat Tumor 
256 has been described as a pure carcinoma which “takes” in almost 
100 per cent of transplants, and hence it was selected as the test 
object. Perhaps this selection has been unfortunate since it has been 



JOHN J. MORTON AND DANIEL N. BEERS 


65 


found on further investigation that not all authorities regard Rat 
Tumor 256 as a pure carcinoma. By some it is held to be a carcino- 
sarcoma! It has also been observed to grow in only 75 per cent of 
transplants in some laboratories. The experience of several workers 
in this University has been that it grows in about 90 per cent of 
transplants. There have been periods of growth fluctuation when it 
has receded, but the growth of the control grafts indicates that these 
experiments were not conducted at such a period. The extracts of 
connective tissue were not desiccated in our obseiA^ations, another 
difference from Murphy’s experiments. In future experiments, this 
win be done as it apparently enhances the potency of the inhibiting 
factor. Extracts of muscle — a highly differentiated form of con- 
nective tissue — ^were not effective against the growth of transplants 
of Rat Tumor 256. 

Objection may be raised to these experiments in that the inhibitor 
substance came from a heterologous source. In answer to this, there 
was not observed any toxic reaction or condition which might be re- 
garded as allergic. Furthermore, the failure of human muscle e.xtracts 
prepared in the same way to influence the tximor growth serves as 
adequate control to this point. Homologous rat fascia is so thin that 
it does not lend itself to trial. In Murphy and Sturm’s most recent 
papers the inhibiting effects from some heterologous tissues were 
quite definite. 

A few attempts to cause recession of established transplants of Rat 
Tumor 256 by intraperitoneal and subcutaneous inoculations were 
not successful. This phase of the problem must be deferred for the 
present. 

SUMMARY 

Extracts from fresh normal human connective tissue (rectus sheath) 
exhibited a decided inhibiting action on grafts of Rat Tumor 256 
transplanted into test animals. There was complete inhibition of 
tumor growth in 66 per cent of the animals; there was a marked re- 
tardarion in the rate of growth in another 15 per cent, the tumors in 
these instances being much smaller than the controls transplanted at 
the same time. In only one experiment was there failure to obtain a 
lasting growth-inhibitorj' effect. The tumors in these animals (19 
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per cent) although showing an initial retardation in growth, apparently 
overcame the restraint and at the end of 5 weeks were larger than the 
control series. Extracts from fresh normal human muscle tissue, on 
the other hand, showed no such inhibiting action on grafts of Rat 
Tumor 256. 
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PRESSOR SUBSTANCES FROM THE BODY FLUIDS OF MAN 
IN HEALTH AND DISEASE* 

Bv IR\TNE H. PAGE, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, October 4, 1934) 

It has been a theory of long standing that high blood pressure is due 
to circulation of a pressor substance acting on the peripheral blood 
vessels. Convincing proof either for or against this conception does 
not appear to have been established. It seemed to us, therefore, that 
the problem was worthy of intensive study. 

Much has been written on the subject of pressor substances in blood, but due 
to the fact that the methods employed in the preparation and testing of the 
extracts are so divergent, only certain of them need be considered here. 

Vasoconstrictor substances in the alcoholic extract of blood from hj-pertensive 
patients have perhaps been demonstrated (1, 3, 9, 10), but their presence has 
been denied (11-13). 

Bohn (9, 10) prepared alcoholic extracts of blood and tested them on curarized 
cats, anesthetized with ethyl urethane. He concluded that a pressor substance 
was present in the blood of patients suffering from nephritic hypertension, from 
eclampsia, and from malignant nephrosclerosis, but, without exception, blood 
from patients suffering from essential hypertension or normal subjects contained 
none. The substance was found to be ultrafiltrable and rendered inactive by 
exposure to ultraviolet irradiation or to alkali. It also acted as an antidiuretic. 
Bohn believes that the material is pituitrin. These e.xperiments were taken as 
proving Volhard’s h>-pothesis that the mechanisms of nephritic and of essential 
hj-pertension are fundamentally different, the former depending on the presence 
of a chemical substance and the latter being predominantly of a nervous origin. 

Marx and Hefke (14) also found that alcoholic e.xtracts of blood from nephritic 
hypertensive patients induced a prolonged rise of blood pressure level in non- 
anesthetized dogs. Ultrafiltrates were not active, contrary to Bohn’s results. 
Extracts from the blood of normal persons were inactive, while those from epi- 
leptic patients, shortly before or during convulsions, were strongly positive. No 
relationship between the height of the pressure and the amount of pressor sub- 
stance was found. 

* First reported at a meeting of the American Sodetv for Clinical Investiga- 
tion, April 30, 1934. 


67 



68 


PRESSOR SUBSTANCES FROM BODY FLUIDS 


Plasma of eclamptic patients acidified (pH 4 to 4.5) witli acetic acid and passed 
through an ultrafilter was studied Anselmino and Hoffmann (15-17) in anes- 
thetized rabbits. The}’^ appeared able to demonstrate the presence of a substance 
in the blood of eclamptic patients and those suffering from toxemia of pregnancy 
tliat they considered identical with the pressor hormone of tlie posterior pituitarj-^ 
body. They obtained active antidiuretic ultrafiltrates only when edema was 
present in the patient, and active pressor extracts only when the blood pressure 
was over 180 mm. of mercury. The amount of tlie substance in the blood ap- 
peared to parallel the severity of tlie S 3 TOptoms. Byrom and Wilson (IS) have 
failed to find antidiuretic hormone in ultrafiltrates of plasma of ten cases of pre- 
eclamptic toxemia and three cases of eclampsia with edema. 

Many investigators have presented evidence which suggests that the pressor 
hormone of the posterior pituitarj' bod}”^ maj’^ be in part responsible for tlie main- 
tenance of vascular tone (20-33). Others have denied that the evidence is con- 
vincing (34-38). Hoyle (37) has clearty demonstrated that normal spinal fluid 
contains, at most, only a trace of pituitrin, nor is it increased in fluid from patients 
suffering from nephritis or essential hj'pertension. 

Efforts to detect adrenalm or adrenalin-like substances in tlie blood bj' the 
use of the intestinal segment method or the Trendelenburg frog preparation have 
led to contradictory results (39-51). No proof has yet been offered that the 
blood in vivo contains sucli substances in active form. 

Chemical Qualities of Pressor Extracts 

Extraction and Concentration . — Blood was drawn into a sj'ringe containing 
heparin from the antecubital vein of the patient. Moderate compression of the 
arm b)"- the use of a tourniquet did not affect the amount of pressor substance. 
Both sodium citrate and potassium oxalate have been emploj^ed as anticoagulants 
and, while it could not be definitelj’’ proven tliat tliej’^ interfered witli tlie animal 
testing, heparin seemed less likely to complicate the pharmacological assay. 

The blood was immediatel}" centrifuged (3 minutes) and the plasma pipetted 
into 95 per cent etltyl alcohol in the proportion of 10 cc. plasma to 90 cc. alcohol. 
10 minutes were usually required for the whole procedure. The flasks were then 
placed in the ice box for from 2 to 24 hours, the precipitated protein and lipid fil- 
tered off, emploj’^ing strong suction, and the clear filtrate concentrated to one-half 
the original plasma volume. The removal of the alcohol was carried out in a 
Claissen flask with water-cooled condenser under vacuum (1 to 2 mm.). The 
temperature in the flask did not rise above 20°C. 

It is essential that all' alcohol be evaporated from the extract. Small amounts 
allowed to remain in solution markedl}’- accentuate the action of the pressor sub- 
stance. It seemed desirable as a control whenever a great rise had been observ'ed 
in the level of the blood pressure of the test animal to evaporate the extract still 
further under vacuum. The tj'pe of blood pressure curve resulting from injection 
of extract containing alcohol is similar to that from alcohol-free extract except 
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Every care was taken to prevent coagulation by the use of the anti- 
coagulant heparin, but tlie necessary manipulations during extrac- 
tion might have allowed some alteration to occur. After it had been 
shown that ascitic fluid also contained pressor substance a way was 
open for excluding coagulation as a factor in the production of the 
blood pressure-elevating principle. During a paracentesis ascitic fluid 
was allowed to flow directly from the trocar into alcohol. The extract 
of this fluid was neither more nor less active than heparinized or ci- 
trated ascitic fluid. It seems reasonable therefore to suppose that the 
substance is present in plasma and is not produced as the result of 
coagulation. 

UUrafiUration . — After exhaustive investigation it became evident 
that ultrafiltration could not be utilized for the separation of pressor 
substance from plasma. 

Various methods for the preparation of ultrafiltrates have been employed. 
Collodion sacs of various porosity (100 cc. capacity), and pear-shaped porcelain 
thimbles on which acetic acid collodion (6 to 8 per cent Shering-Kalbaum*) 
was deposited as a membrane, were found convenient. Ultrafiltrates were also 
prepared by high pressure (150 kilos per sq. cm. of nitrogen) filtration" through 
membranes of various density (30 to 400 minutes). The high pressure appa- 
ratus offered the great advantage that 10 cc. or more of ultrafiltrate could be 
obtained in hour, tlie time depending on the porosit}" of the filter membrane. 

Ultrafiltrates were prepared from plasma at normal pH and from plasma which 
had been made acid (pH 4,5) by the addition of acetic acid. Neutralization of 
the acid diab'^sates (to phenolphtlialein) was performed immediatelj' before inject- 
ing into the animal. Ordinarily the ultrafiltrate was not concentrated. When 
concentration was desired it was effected below 20°C. with the aid of a vacuum. 
The ultrafiltrates were clear and protein-free as estimated with the sulfosalicjdic 
acid reagent. 52 ultrafiltrates have been tested. 

Partition . — ^Active extracts prepared by the alcohol metliod were 
extracted with chloroform in a separatory funnel. The solvent was 
removed under vacuum after the addition of water. Such aqueous 
extracts were vaso-active. Many experiments have shown that the 
pressor substance is extracted from aqueous solution by this strong 
organic solvent, often almost completely. Reversing tlie extraction, 

1 The preparation of these ultrafiltrates was undertaken with the help of 
Dr. K. J. Anselmino of Diisseldorf. 

® Pfaltz and Bauer apparatus. 
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mals were kept warm and the temperature noted from time to time by means of 
a rectal thermometer. 

Anesthclics. — A variet}'- of anesthetics have been studied with regard to their 
suitability for pressor extract assa}'. Ether proved satisfactory when admin- 
istered in gentle puffs of warm air from a windshield wiper type of artificial 
respirator but with tlie tracheal cannula open to the outside air. It was found 
essential to keep the respiration normal and unimpeded by the respirator. 

Ethyl uretliane given subcutaneous^ 3 to 4 hours before the experiment in 
doses of 7 to 10 cc. of a 25 per cent solution was found equally satisfactory and 
was employed in many of our e.xperiments. 

Amytal (iso-amyl ethyl barbituric acid) administered in doses of 60 mg. per 
kilo produced a smootli anesthesia without marked fluctuations in the level of tlie 
blood pressure but tlie response to extract was not as great as that when ether 
or ethyl urethane was employed. This lack of sensitivity is surmised to be due 
to the fact that this barbituric acid derivative stabilizes the autonomic nervous 
system in sucli a manner tliat vasomotor responses are buffered. 

Pento-barbital (1-metliyl-butyl ethyl barbituric acid) administered intraperi- 
toneally in doses of 40 mg. per kilo gave an excellent anestliesia and tlie responses 
were similar to those following amjdal narcosis, with the exception that early in 
the course of the experiment, depressor responses were likely to be elicited by 
extracts of known pressor activity. 

Chloretone (0.4 gm. per kilo given by stomach tube) depressed the responsive- 
ness to pressor extract to a marked degree. 

Course of the Vascular Responses to Pressor Substance . — It was ob- 
served that the same extract at one time produced a marked rise in 
the animals’ blood pressure, whereas, later in the course of the experi- 
ment either the response was small or none was elicited. That the 
extract had deteriorated in so short a time did not seem probable. 
Extracts which had assayed both active and inactive tested on tlie 
same animal were reassayed the next and subsequent days on other 
animals. Again the same variability was noted. The conclusion 
seemed justified that the variability lay in the response of the animal 
and not in the extracts. 

On analyzing the data derived from the blood pressure records of a 
large number of cats it became evident that under the conditions of 
our experiments, especially when ether was employed as anesthetic, 
fairly definite periods could be recognized during which the magnitude 
of the response was reasonably constant. Since the responsiveness 
during the different periods varied greatly it became evident that to 
obtain comparable results the assay would have to be performed dur- 
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to the bifurcation of the trachea in order to insure deliverj' of the carbon dioxide 
to the lungs. The tracheal cannula remained partially open in order not to inter- 
fere with spontaneous breathing. The test dose of carbon dioxide-air mixture 
required 100 seconds for deliver}-. An alternative method consisted in the inser- 
tion of a flutter valve between the gas balloon and the catheter and a second 
one on the tracheal outlet.® It was necessary to stop the administration of the 
anesthetic when this latter system was employed. 

During the administration of the test dose of gas the blood pressure began to 
rise and remained at an elevated level for 2 to 3 minutes, then fell to the original 

TABLE I 


Comparison in Etherized Cat of the Vascular Response to Carbon Dioxide-Air 

Mixture and Pressor Extracts 


Test substance 

Amount 

H 

Blood pres- 
sure 

Magnitude 
of change 


cc. 

p.tn. 


mm. Hs 

NaCl 

5 

1.10 

140 

0 

Ascitic extract 

5 

1.30 

122 

+ 6 

COs-air 

800 

1.40 

116 

+ s 

COs-air 

800 

2.00 

114 

+12 

Ascitic extract 

5 

2.15 1 

100 

+ 16 

COo-air 

800 

2.40 

98 

+ 12 

Ascitic extract 

5 

3.00 

88 

+ 14 

C02-air 

800 

3.30 

74 

+14 

Ascitic extract 

5 

3.45 

82 

+36 

COa-air 

800 

4.00 

112 

+32 

CO'>-air 

800 

4.20 

114 

+16 

Ascitic extract 

5 

4.40 

116 

+20 

COi-air 

800 

5.10 

126 

+ 4 

Ascitic extract 

5 

5.30 

146 

+ 6 

COe-air 

800 

5.40 

148 

0 

Pure CO 2 

600 

6.20 

154 

-37 


level. In most of our experiments the reactivity of the vascular system was first 
tested with COi-air, then the test dose of plasma extract given. 

The results sho^v that when the animal exhibits the greatest re- 
sponse to CO 2 -air mixture the response to pressor extract is also 
marked. Exact parallelism is not ahvays seen. After some time has 
elapsed (1 to 3 hours) the action of both ma}'- become weaker. Finally, 

® The valves can be made conveniently from the rubber of surgical gloves, the 
edges of the valve being glued together by grippit (a form of rubber cement). 
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they elicit no further response. Even high concentrations of carbon 
dio.xide are ineffective (Table I). This is the period designated as 4 

(Fig- 1)- 
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Fig. 3. Increase in response to carotid sinus stimulation follor^ing e.xtract 
injection, -without marked change in blood pressure level. Dog anesthetized with 
0.10 gm. chloralose per kilo body weight. Upper curve records pressure from 
peripheral end of the femoral artery. Lower curve is record of the pressure in 
the central end of the femoral arter>-. (1) 15 cc. ascitic e.ttract. (2) Sinus 
stimulation. (3) Sinus stimulation. (4) 15 cc. ascitic e.vtract. (5) and (6) Sinus 
stimulation. Initial blood pressure = IIS mm. Hg. 

Kcaclivily as Measured by the Response to Carotid Sinus Stimulation . — 
Occlusion of both common carotid arteries after bilateral vagotomy 
normally produces a marked rise in systemic blood pressure, due to 
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Stimulation of the carotid sinuses. The nervous connection with tlie 
vasomotor center is through the glossophaiyngeal nerve. This re- 
flex has been utilized as a means of determining the reactivit}' of the 
animal to pressor extract. It has been found that there is a general 
parallelism between the rise in blood pressure produced b}’- occlusion 
of the carotid arteries and the responsiveness of the animal to extracts. 
The parallelism is b}^ no means exact, but is a useful means of deter- 
mining non-reactive periods. 

It has also been possible to demonstrate that the extract in some man- 
ner sensitizes the mechanism responsible for the sinus reflex'* (Fig. 3). 

The rise in blood pressure following sinus stimulation is considerably 
greater after the injection of extract than before. Extracts which, 
through some fault in preparation, were depressant to the systemic 
blood pressure level, invariabl}^ markedly reduced the reflex sensitiv- 
ity. The substance which causes increased sensitivit}'- is contained 
in the pressor extract alone because ultrafiltrates of plasma had no 
effect in altering the response to reflex stimulation. 

It has not been ascertained whether the rise in blood pressure inci- 
dent to injection of extract is responsible for the increased sensitivity 
to the reflex stimulation. Increase in sensitivit}'- has often been ob- 
served in experiments where the rise of blood pressure level due to the 
injected extract was very small. 

Other Methods of Control and Precautions Necessary to Observe in 
Assaying Pressor Extract . — 

{a) Rise in blood pressure incident to the intravenous injection of indifferent 
fluids must always be estimated by the injection of 5 cc. of warm saline. Certain 
animals are sensitive to changes in blood volume and this, although rare, cautions 
against the acceptance of one or even two positive results as indicating the pres- 
ence of pressor substance. 

{li) Since in the preparation of plasma e.xtracts the water-soluble elements of 
the blood become more concentrated than normal, for control purposes artificial 
e.xtracts were prepared containing three times the concentration of sodium chloride 
and urea found in normal blood. No clear effect on the blood pressure level 
was observed from the injection of 5 cc. of this solution. 

■* We were fortunate in having the direction of Professor Dautrebande of Liege, 
Belgium, during this part of the work. Dogs under chloralose anesthesia were 
employed in some of the experiments. These animals, according to Professor 
Dautrebande’s experience, are most suitable for carotid sinus experimentation. 
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(c) Injections should not be made when the blood pressure is falling at a 
rapid rate. The pressure fall may be checked by the extract injection and the 
blood pressure assume a fixed level; it may continue to fall or it may suddenly 
climb rapidly. None of these responses give any clue as to the potency- of the 
pressor substance in the extract. 

(tf) Injections must not be attempted when changes either in the rhr-thm or 
the amplitude of the pulse are noted on the kymographic record. 

(c) The injection must be made slowly and with great evenness, otherwise 
sharp transient elevations in the pressure curve often occur. In spite of this pre- 
caution in some animals a temporary rise in pressure cannot be avoided even 
when small amounts of saline are injected. 

if) In general it has been found undesirable to test extracts in animals in 
which the blood pressure is e.xceptionally high or low. The usual level at which 
our tests were made was about 100 to 140 mm. of mercury. 

(g) The respiration must be moderately slow and regular and in no way hin- 
dered b}- the respirator. Usually, during periods when the natural breathing had 
stopped, the vascular responses were at first very sluggish and if anoxemia super- 
vened they became highly irregular. 

(/;) In order to compare the potency of two extracts, the injections should be 
given within as short a space of time as is feasible, to guard against changes in 
the sensith-ity of the animal to the extract. It has been found best to administer 
the smallest doses of the extract that will produce a rise in blood pressure which 
is definite, and to follow this injection with the extract with which it is to be 
compared as soon as the pressure has returned to the original level. The first 
extract is then again injected to make sure that the animal is stiU reactive. MTiile 
this method demands much time and relatively large amounts of extract it has 
seemed the only one which is reliable. 

Pharmacology of Pressor Extracts 

The typical pressor response consists in a relatively slow- rise in the 
level of the blood pressure and the steady maintenance of the elevated 
level for some time (Fig. 4). Xo preliminary depression of the level 
of blood pressure occurs. 

The Action of Plasma and Ascitic Fluid Extracts on Cats Treated icith 
Ergotoxinc. — In order to determine w-hether the response to pressor 
extracts could be influenced by ergotoxine, cats under ethyl urethane 
anesthesia w-ere first tested w-ith 1 cc. of 1 : 100,000 adrenalin follow-ed 
by 5 cc. of pressor extract as control. Now, 1 mg. of ergoto.xine tar- 
trate (gynergen. Sandoz) w-as injected intravenously and after 2 
minutes the animal was retested w-ith adrenalin and extract. It could 
be show-n that although reversal of the adrenalin pressor effect had 




Fig. 4. Example of a very active response to plasma extract from a patient with toxemia of pregnancy and hypertension. (1) Saline 5 cc. 
(2) Extract of 10 cc. plasma from patient (B.P. = 140/104). (3) Same extract boiled 3 minutes. Upper tracing represents renal volume. Ex- 

periment 124 (3-5). Initial pressure = 100 mm. Hg. Time markings = 10 seconds. 
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been produced the rise in blood pressure resulting from plasma or as- 
citic fluid extract was not altogether abolished. After large doses of 
ergotoxine the central ner\'ous system of the animal appeared de- 
pressed as shown by the fact that the responses to occlusion of the 
carotid arteries were very weak, ^^^len this occurred the pressor ex- 
tracts were also almost ineffective. 

Influence oj Cocaine and Atropine on Response to Extracts. — It is 
well kno-wn that cocaine “sensitizes” the vascular response to adrena- 
lin. Therefore it seemed desirable to ascertain whether this drug 
would influence the response to pressor extracts. 

Cocaine (2 mg. per kilo) was injected intravenousl}' into the cat 
under ethyl urethane anesthesia after the vascular response to adrena- 
lin solution (1.5 cc. of 1:100,000) and to 5 cc. of pressor extract had 
been determined. The same amount of adrenalin was again injected 
to be certain that the magnitude of the response had increased and the 
pressor extract then injected. Adrenalin raised the pressure 10 mm. 
Hg before cocaine was given and 30 mm. Hg afterward. The extract 
raised the pressure level 18 mm. Hg and after cocaine 21 mm. It 
seems safe, therefore, to conclude that cocaine in the dosage we have 
employed does not affect the response to extract to any marked degree. 
No evident alteration in the responsiveness of the vascular system to 
carotid sinus stimulation was obseiw'ed as the result of cocaine injection. 

To ascertain the effect of atropine on the pressor response both cats 
and rabbits were given atropine by vein until the characteristic re- 
versal of the action of choline from depressor to pressor had occurred. 
Active plasma extracts were found quite as active after atropinization 
as before. 

Eflect of Curare on the Pressor Response. — ^.-^nimals under ether 
anesthesia were curarized by repeated intravenous injections of 3 mg. 
doses of curare until normal respiration was completeh- paralyzed, 
-Artificial respiration was now begun. 

The response to pressor extract was sluggish in such animals. As 
there seemed no advantages over the ordinary method of assay and 
there were definite disadvantages, the procedure was not further 
employed. 

Response of the Kidneys to Pressor Extracts. — In order to ascertain 
what effect the pressor extracts exerted on the kidneys' volume, the 
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right kidney of the test animal was placed within a Livingston glass 
oncometer. The volume changes were registered a small Brodie 
bellows. 

Observation of many curves from such experiments convinces one 
of the extraordinary autonomy of the kidneys’ circulation. Under 
apparently identical circumstances the kidneys may shrink or swell 
following the injection of certain substances. In general, the active 
plasma extracts tended to cause the renal volume to increase slightly 
though the opposite effect may be observed when the blood pressure 
rise is great. Without measurements of the blood flow through the 
kidney it is not possible to state whether vasodilatation or constric- 
tion had occurred. As has been pointed out b}?- Richards and Plant 
(52) epinephrin may cause the renal volume to increase but simul- 
taneously constrict the efferent arterioles, thus causing increased in- 
traglomerular pressure. 

As the result of pithing animals the renal volume curve follows 
accurately that of the carotid blood pressure, regardless of the agent 
employed to produce blood pressure changes (Fig. 5). 

Changes in Peripheral Blood Supply as Measured Oncovicirically . — 
Changes in peripheral blood supply of the hind leg were measured 
by an oncometer connected with a Brodie bellows. The results of 
measurements on sixteen animals show that ordinarily a moderate 
constriction in the leg volume occurs following the injection of plasma 
extracts. The constriction is initiated rather more slowl}^ than the 
change in renal volume but it also lasts somewhat longer. 

Response to Pressor Extract after Evisceration. — It could be shown b}^ 
the oncometric method that, while both the renal and the peripheral 
blood vessels constricted as the result of the injection of the pressor 
extract, the action was not poAverful. It seemed possible, therefore, 
that the splanchnic vessels constituted a not inconsiderable portion 
of the constricted area during the rise in systemic blood pressure. 

After preliminary determination of the response to 5 cc. of plasma e.xtract 
and the reactivity- of the carotid sinus refle.x, the anesthetized animal was evis- 
cerated in the usual manner. The responses were again tested shortly after the 
blood pressure had steadied itself following the operation. An e.xample may be 
given to illustrate the results of this procedure. Before evisceration the pressor 
response to the extract consisted in a rise in blood pressure of 22 mm. Hg, and 
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that due to carotid sinus stimulation was 16 mm. Hg. After evisceration the 
e.xtract raised the blood pressure level 10 mm. Pig and the carotid sinus stimula- 
tion, 24 mm. Hg. The systemic blood pressure fell from 108 mm. Hg to 84 mm. 
Hg as the result of the operation. 

The findings suggest that constriction of the vessels of the splanclinic 
area plays a large part in the elevation of blood pressure level resulting 
from the injection of pressor extract. 

Effect of Adrenalectomy on the Effect of Pressor Extracts. — The pos- 
sibilit}'^ that the pressor action of plasma extracts might be due to 
stimulation of the adrenal gland causing the secretion of adrenalin was 
studied by bilateral removal of these glands. Recent experiments 
have shown that certain pharmacological agents do in fact owe at 
least part of their action to the increased liberation of epinephrin into 
the circulation. 

After preliminary testing of the potency of an extract on a cat under 
ether anesthesia, the adrenal glands were either tied oft' or extirpated. 
The lumbar approach to the glands was employed. The extracts were 
again tested within 10 minutes and 1 hour after adrenalectomy. 

The results from ten such experiments indicate that rather than a 
decreased response, the opposite Avas found. The increase, however, 
was relatively small, and in view of the spontaneous alterations in 
reactivity of the animal it does not seem justifiable to conclude tliat 
adrenalectom}'' causes sensitization to pressor extracts. 

The Effect of Bilateral Vagotomy. — Extracts tested before and after 
bilateral vagotomy did not exhibit any characteristic difference. 
When the vagi were intact, spontaneous fluctuations in the level of 
the blood pressure Avere more apt to appear, consequently in most of 
our experiments this operation AA'as performed. 

Does the Animal Develop Immunity to the Pressor Action of Plasma 
Extracts? — Since it is AA^ell knoAvn that repeated injection of extracts of 
the posterior lobe of the pituitary' result in the gradual development 
of immunity in animals to further Avascular stimulation, it seemed de- 
sirable to ascertain if this AA'cre true of plasma extracts. It AA'as found 
that the second response is just as great and often greater tlian the 
first. Indeed, the pressure leA^el can be built up step-Avise by the re- 
peated injection of extract. As the blood pressure reaches Ica'cIs 
above 160 mm. Hg the response to additional extract is likely to be 
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reduced. While "immunity” ma}’- develop in the sense that the ani- 
mal no longer responds to extract this has seemed to be due to failure 
of the central nervous system because, coincident with the "immu- 
nity,” the animal fails to respond to inspired COo-air mixture and 
usually to carotid sinus stimulation. 

Effect of Progressive Destruction of the Central Nervous System . — 
The great variabilit}'- of response noted in the test animal suggested 
that the substance or substances with which we were dealing might 
depend for their action on the cooperation of some portion of the cen- 
tral nervous S3fstem. It was assumed that during the initial period 
(Period 1 ), the lack of response was due to a temporar}'- paralysis of 
the central nervous system, caused bj'^ anesthesia, when perforce an 
excess of ether was ordinarily employed. The sluggish reactions 
again, in Period 3 , suggest that a more complete paralysis had occurred. 

In order therefore to determine whether the central nervous system 
is an essential part of the mechanism of the pressor response, anesthe- 
tized cats were pithed to the second lumbar segment through a tre- 
phine hole in the skull, after t3dng off both carotid arteries. These 
animals responded markedl3'- and regularl3'- to adrenalin and pitressin. 
Such preparations are more sensitive to peripherall3’^ acting pressor 
substances than those in which the central nervous system is intact, 
provided the artificial respiration is properl3’- regulated. 

It could be shown that no response whatever was elicited b3^ the 
injection of active pressor extracts (Fig. 6 ) into these pithed animals. 

In order to localize more precisel3’- the portion of the nervous S3’^stem 
involved in the pressor response, the brain was removed at various 
levels in anesthetized, vagotomized cats, by means of the Sherrington 
guillotine. The action of pressor extract was not unusual until the 
cut passed through the brain somewhat above the boity tentorium. 
At and below this level, the responsiveness of the animal was slight^’- 
increased. However, section just below the tentorium abolished all 
effect of extracts. 

Action on Unancsthetized Animals. — That the pharmacological ac- 
tion of man3’- substances is markedl3'^ influenced b3'- the anesthetic 
emplo3>'ed during the testing, is well known. It seemed important, 
therefore, to eliminate this factor as an influence in the action of the 
pressor extract. 
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ultrafiltrates of plasma or serum of blood from patients suffering from 
eclampsia, in whom the blood pressure was greater than 180 mm, of 
Hg, produced a rise in blood pressure of rabbits, it seemed desirable 
to test ultrafiltrates derived from the plasma of cases of essential and 
nephritic hypertension by the same method. The Koch-Mies method 
(53) has been used in the manner suggested by Anselmino and 
Hoffmann.® 

After the control period, during which we convinced ourselves that the blood 
pressure of the animal was constant, 10 cc. portions of neutralized (to phenol- 
phthalein) ultrafiltrate were injected subcutaneously into each flank of the animal 
and the injection site weU massaged. Pressure readings were then taken ever}' 
5 minutes for a period of 30 minutes. Four plasma extracts from cases of essential 
and malignant h 3 'pertension (blood pressures ranging from 220 to 290 mm. systolic 
and 120 to 160 diastolic), and four cases of hemorrhagic Bright's disease with 
blood pressures from 195 to 250 systolic and 128 to 145 diastolic) were examined. 

In no experiment was any effect on the blood pressure of the rabbit 
observed. The conclusion seems justified that while the conditions 
were excellent for a positive outcome of the experiment, the results 
were uniformly negative. 

UUrafiUrates of Plasma Teskd on Anesthetized Animals. — Ultra- 
filtrates of plasma exhibited no marked action on the blood pressure 
level of anesthetized cats when injected intravenously in amounts up 
to 20 cc. While it is possible that a small quantity of pressor sub- 
stance may pass the filter membrane, the fact that almost 90 per cent 
of the active material may be extracted by alcohol from the non- 
filterable residue, clearly indicates that the amount wliich is dialyzable 
is very smaU. Alteration of the pH of the plasma before ultrafiltra- 
tion did not change this result. 

The extract of plasma prepared by the alcohol method as contrasted 
with native plasma was easily passed through the filter membrane 
without loss of activity. 

Extracts of Blood Corpuscles. — ^Extracts of red blood cells prepared 
in the same manner as plasma extracts generally depress the blood 
pressure level. This is not always true as rare specimens have been 
found which produced slight pressor action and others have had none. 

®We were fortunate in having the aid of Dr. Anselmino. 
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120 samples of red blood cells from patients suffering from essential 
hypertension, hemorrhagic Bright’s disease, with and without hj’per- 
tension, and red cells from normal individuals, have been compared. 
Analysis of the many graphs so obtained reveals no effect which is 
characteristic for anj* especial group of patients. It does not, there- 
fore, seem necessary to present the detailed data. 

E.\tracts of blood cells which have been hemolyzed by the addition 
of distilled water and then added to alcohol (20 cc. red cells -r 20 cc. 
water in 380 cc. alcohol 95 per cent) and the e.vtract prepared in the 
manner described for plasma also exhibited no characteristic differ- 
ence from red cells of the same blood specimen in which hemoh'sis had 
been scrupulous^ avoided. 

The amount of depressor substance in very fresh red blood cells 
(in alcohol within 5 minutes of venipuncture) is ordinarilj' not great. 
Extracts which correspond to 2 cc. of centrifuged cells ma}^ depress the 
blood pressure level of a 3.5 kUo cat 12 to 20 mm. of mercuiy-. Allow- 
ing corpuscles to stand before addition to alcohol longer than 2 hours 
may cause to be liberated most powerful depressor substances. The 
injection of such an extract, corresponding to 2 cc. of corpuscles, may 
be quickly fatal to the animal. Atropine does not alter the depressor 
action of these extracts. 


CLIKIC.^L RESULTS 

Since it could be shown that a pressor substance was e.xtractable 
from the blood of man, it was of importance to ascertain whether the 
amount of this substance was altered in patients suffering from h^-per-- 
tension regardless of the pathogenesis of the symptom. 

165 e.xperiments have been performed, and from these data it seems 
almost certain that there is no significant correlation between the blood 
pressure response in the cat and the blood pressure of the patient from 
whom the plasma was obtained. Suffice it to say that the blood of 33 
normal individuals, 8 cases of latent hemorrhagic Bright’s disease, 12 
cases of acute hemorrhagic Bright's disease, 11 cases of chronic active 
hemorrhagic Bright's disease, 19 cases of terminal nephritis, 8 cases of 
nephrosis or the nephrotic stage of Bright’s disease. 38 cases of essen- 
tial hypertension. 11 cases of toxemia of pregnancy. 1 case of cirrhosis 
of the liver without hypertension, and 2 cases of severe eclampsia have 
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ultrafiltrates of plasma or serum of blood from patients suffering from 
eclampsia, in whom the blood pressure was greater than 180 mm. of 
Hg, produced a rise in blood pressure of rabbits, it seemed desirable 
to test ultrafiltrates derived from the plasma of cases of essential and 
nephritic hypertension by the same method. The Koch-Mies method 
(53) has been used in the manner suggested by Anselmino and 
Hoffmann.® 

After the control period, during which we convinced ourselves that the blood 
pressure of the animal was constant, 10 cc. portions of neutralized (to phenol- 
phthalein) ultrafiltrate were injected subcutaneously into each flank of the animal 
and the injection site well massaged. Pressure readings were then taken ever)’- 
5 minutes for a period of 30 minutes. Four plasma extracts from cases of essential 
and malignant h)'pertension (blood pressures ranging from 220 to 290 mm. systolic 
and 120 to 160 diastolic), and four cases of hemorrhagic Bright’s disease with 
blood pressures from 195 to 250 systolic and 128 to 145 diastolic) were examined. 

In no experiment was any effect on the blood pressure of the rabbit 
observed. The conclusion seems justified that while the conditions 
were excellent for a positive outcome of the experiment, the results 
were uniformly negative. 

Ultrafiltrates of Plasma Tested on Anesthetized Animals. — ^Ultra- 
filtrates of plasma exhibited no marked action on the blood pressure 
level of anesthetized cats when injected intravenously in amounts up 
to 20 cc. While it is possible that a small quantity of pressor sub- 
stance may pass the filter membrane, the fact that almost 90 per cent 
of the active material may be extracted by alcohol from the non- 
filterable residue, clearly indicates that the amount which is dialyzable 
is very small. Alteration of the pH of the plasma before ultrafiltra- 
tion did not change this result. 

The extract of plasma prepared by the alcohol method as contrasted 
with native plasma was easily passed through the filter membrane 
without loss of activity. 

Extracts of Blood Corpuscles . — Extracts of red blood cells prepared 
in the same manner as plasma extracts generally depress the blood 
pressure level. This is not always true as rare specimens have been 
found whicli produced slight pressor action and others have had none. 

® We were fortunate in having the aid of Dr. Anselmino. 
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120 samples of red blood cells from patients suffering from essential 
hj'pertension, hemorrhagic Bright’s disease, with and without h\"per- 
tension, and red cells from normal individuals, have been compared. 
Analysis of the many graphs so obtained reveals no effect which is 
characteristic for any especial group of patients. It does not, there- 
fore, seem necessary to present the detailed data. 

Extracts of blood cells which have been hemolyzed by the addition 
of distilled water and then added to alcohol (20 cc. red cells -j- 20 cc. 
water in 380 cc, alcohol 95 per cent) and the e.xtract prepared in the 
manner described for plasma also exhibited no characteristic differ- 
ence from red cells of the same blood specimen in which hemolysis had 
been scrupulousl}' avoided. 

The amount of depressor substance in ver>^ fresh red blood cells 
(in alcohol within 5 minutes of venipuncture) is ordinarily not great. 
Extracts which correspond to 2 cc. of centrifuged cells may depress the 
blood pressure level of a 3.5 kilo cat 12 to 20 mm. of mercurj'. Allow- 
ing corpuscles to stand before addition to alcohol longer than 2 hours 
may cause to be liberated most powerful depressor substances. The 
injection of such an extract, corresponding to 2 cc. of corpuscles, may 
be quickly fatal to the animal. Atropine does not alter the depressor 
action of these extracts. 


CLrXIC.AL RESULTS 

Since it could be shown that a pressor substance was extractable 
from the blood of man, it was of importance to ascertain whether the 
amount of this substance was altered in patients suffering from hyper- 
tension regardless of the pathogenesis of the symptom. 

165 e.xperiments have been performed, and from these data it seems 
almost certain that there is no significant correlation between the blood 
pressure response in the cat and the blood pressure of the patient from 
whom the plasma was obtained. Suffice it to say that the blood of 33 
normal individuals, S cases of latent hemorrhagic Bright's disease. 12 
cases of acute hemorrhagic Bright's disease, 11 cases of chronic active 
hemorrhagic Bright’s disease. 19 cases of terminal nephritis, 8 cases of 
nephrosis or the nephrotic stage of Bright’s disease, 38 cases of essen- 
tial hypertension. 11 cases of toxemia of pregnancx*. 1 case of cirrhosis 
of the liver without hypertension, and 2 cases of severe eclampsia have 
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been examined.'’ From many of these patients blood samples have 
been taken at intervals of a week for periods upwards of 16 months. 
During this time marked variations in the level of the patient’s blood 
pressure had occurred (Fig. 7). Because of inherent difficulties in the 
method of assay, it was necessary to secure data which would be 
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Fig. 7. Comparison of e.xtract of nephritic plasma with ascitic fluid e.xtract. 
(1) Salme 5 cc. injected. (2) Extract of 14 cc. plasma from severe nephritic 
patient with hypertension (B.P. = 200/122). (3) Extract of 14 cc. of ascitic 

fluid from patient with cirrhosis of liver without hypertension. Experiment 166 
(8-9). (4) Extract of 10 cc. plasma from the patient with liver cirrhosis. E.x- 

periment 163 (No. 15). Initial pressure = 84 mm. Hg. 

statistically significant. This goal, wc believe, has been achieved, and 
it must be fairly stated that no correlation appears to exist between 
the amount of pressor substance and the height of the blood pressure. 

The blood samples from the cases of toxemia of pregnancy and eclampsia 
were furnished by Dr. E. Stander and Dr. L. IMaclean of the Cornell Woman’s 
clinic. We are grateful to Drs. Stander and IMaclean for their courtesy. 
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It has been possible to examine blood from cases’ of the recently- 
described pituitary basophilism. Three of these cases had rather 
marked hypertension® and in the other t-wo the pressure a-yeraged 140 
to 150 mm. Hg systolic and 90 to 94 diastolic. All the patients ex- 
hibited more or less typically the signs and symptoms of this disease 
as set forth by Cushing. No characteristic difference "was observed 
in the ultrafiltrates or extracts of plasma from these patients as com- 
pared -with extracts of normal blood. 

As an incidental observation it seems -worth recording that from a 
limited number (3) of patients suffering from con-vulsive uremia ex- 
tracts of blood plasma seemed peculiarly toxic -when injected into a 
cat. Instead of the usual rise in blood pressure, a precipitous fall 
occurred, causing the death of the animal. It should be emphasized 
that these patients -svere in the terminal stage of hemorrhagic Bright’s 
disease and not examples of the so called pseudo-uremia. 

Cerebrospinal fluids from nineteen assorted cases of nephritic and 
essential hypertension have also been examined. Pressor substance 
is present in at least as large amounts as in plasma. Injection of 
fresh spinal fluid from a variety of patients suffering from hyperten- 
sion failed to sho-w- the presence of any appreciable amoimt of free 
pressor substance -^vhen tested either on anesthetized animals with the 
central nervous system intact, or on pithed cats. The possibility that 
unbound secretion of the posterior pituitary body is contained in the 
spinal fluid in amoimts which might be considered significant in the 
pathogenesis of hypertension, has not been demonstrated. This 
statement must be qualified to a certain extent in that the ventricular 
fluid from one case of adrenal tumor contained a powerful pressor sub- 
stance -svith properties somewhat different from those of the pressor 
e.xtracts of plasma. Spinal fluid of one patient -with a severe malig- 
nant hypertension also was powerfully vaso-active. 

DISCUSSIOK 

The pressor substance evidently is -widely distributed since it has 
been found in human plasma, ascitic and cerebrospinal fluids. Cor- 
puscles seem to contain little or none of it because alcohol e.xtracts 

• Through the kindness of Dr. Har\'ey Cushing and Dr. B. S. Oppenheimer. 

® Dr. Henr>- Turner, Oklahoma City, very kindly sent samples of blood from 
one such case. 
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either do not influence or strongly depress the level of the blood pres- 
sure of cats. That it is not free in these fluids follows from the fact 
tliat ultrafiltration yields a protein-free filtrate which has no vaso- 
activity. It seems probable that the substance is bound to the plasma 
colloids but the union must be loose, to be split by such mild treatment 
as that with cold alcohol. The active substance is water-soluble and 
behaves not unlike an organic base. 

The pharmacological properties of the pressor substance appear in 
some respects unique. The evidence, in the first place, gathered from 
comparison with drugs acting on peripheral arteries such as adrenalin, 
choline, histamine, and adenosine, does not lend support to the view 
that its action resembles that of these other substances. The effect 
of ergotoxine and cocaine on the response to pressor extract also 
demonstrates the dissimilarity in action. 

The second group of data indicates that the functional intactness of 
the central nervous system is essential in order that pressor responses 
be obtained from the extract under investigation. The most cogent 
of these proofs consists in the demonstration that if the brain is re- 
moved close to the bony tentorium, the pressor response is undis- 
turbed, conversely the response is completely abolished on pithing or 
cutting the cord below the medulla. Anesthesia, furthermore, pro- 
longed to the point where inhalation of carbon dioxide-air mixtures or 
stimulation of the carotid sinus no longer elevate the blood pressure, 
also inhibits its action. The unanesthetized animal (rabbit) is, in 
fact, more responsive than the anesthetized. It is not improbable that 
some substance in the extract sensitizes the mechanism responsible 
for the carotid sinus reflex, for after injection of extract the reflex is 
considerably more active than before. 

A tliird group of more miscellaneous data indicates that the splanch- 
nic area is actively involved in the vascular constriction. The evi- 
dence consists largely in tlie demonstration tliat evisceration strongly 
depresses the response and oncometric measurement of the leg and 
renal volume shows relatively little constriction when marked ele- 
vation of the level of pressure has occurred. Stimulation of the ad- 
renals to secrete more epinephrin apparently plays little or no part in 
the mechanism because bilateral adrenalectomy does not influence 
the result. An assay of the potency of the extract has been difficult 
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because the degree of response depends on the functional state of the 
nervous system. To some degree success has been attained in pre- 
dicting the response of the animal to pressor extract by relying on the 
reflex from the carotid sinus and on that from stimulation by carbon 
dioxide. No evidence has been found indicating that there is an in- 
crease in the amount of pressor substance in hypertensive states of 
varied pathogenesis. 

This investigation was undertaken to ascertain whether, by direct 
methods which involve as slight chemical manipulations as possible, 
a single substance or a group of substances is extractable from blood 
which causes or is associated with arterial h 5 rpertension in man. 
There are numerous possibilities. Such substances, present in normal 
blood, may be increased in the blood of hypertensive patients; they 
may be present only in hypertensive states; though constant in 
amount, the sensitivity of the vascular system may be so increased 
that its response is pathological; the amoimt bound to plasma colloid 
may remain constant though the amount liberated, due to the activity 
of the reacting cells (Erfolgsorgan), may be greater than normal; and, 
finally, they may be set free into the blood stream and either be quickly 
destroyed or inactivated. WTiile it may be necessary to reckon with 
these manifold possibilities this investigation has been confined to the 
effort to demonstrate the presence of pressor substances in circulating 
blood and their quantitative aspects in relation to the hypertensive 
state in man. 


CONCLUSIONS 

1. Extracts of human blood plasma, ascitic and cerebrospinal fluids 
have been shown to contain a substance or substances which have a 
prolonged and powerful pressor action when injected into test animals. 

2. The chemical properties of the substance suggest those of an 
organic base. It is extracted with alcohol, soluble in water and ace- 
tone, extracted from water b}*^ chloroform, and probably is but slightly 
heat-stable. The plasma colloids seem to hold the substance in a 
bound state since it does not appear in the ultrafiltrate and is liberated 
on coagulation of the colloids by alcohol. Coagulation alone of the 
blood does not cause the substance to be formed. 

3. Its action suggests that its pressor effect is brought about by 
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mediation of the central nervous system. Tliis inference was drawn 
from the following observations, (a) The functional intactness of 
the central nervous system is essential in order that pressor responses 
be obtained. Unanesthetized animals exhibit greater vascular re- 
sponses than do anesthetized. (5) Pitliing animals completely 
abolishes tlie response. Progressive ablation of the brain to the level 
of the hind brain does not alter the response, but below tliis level, 
injury abolishes the activity of the extract, (c) Some substance in 
the extract sensitizes the mechanism responsible for the carotid sinus 
reflex, (d) There is no parallelism between the response to peripher- 
ally acting drugs and pressor extracts, (c) Removal of the adrenal 
glands does not affect its character. 

4. The rise in blood pressure appears to be due especially to con- 
striction of the arteries in the splanchnic region. 

5. Assay of the pressor extracts is made difficult because of tlie de- 
pendence of the vascular response on the functional state of the cen- 
tral nervous system. The carotid sinus reflex and stimulation with 
carbon dioxide-air mixtures have proved most useful means for the 
estimation of this functional state. It has been pointed out that the 
vascular responses to extract, stimulation of the carotid sinus, and in- 
halation of carbon dioxide-air vary greatly during the course of an 
experiment on anesthetized animals. This natural history of the 
vascular responses has been described. 

6. No evidence has been produced by the method emplo)'^ed that 
the amount of this pressor substance is increased in the blood or spinal 
fluid of patients with hypertension of varied pathogenesis (nephritic 
hypertension, essential hypertension, malignant hypertension, ec- 
lampsia, and pituitary basophilism). 
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Fig. 1. Comparison of plasma, corpuscle, and liver extract of rabbit with choline and histamine. Upper tracing = leg volume; middle = 
kidney volume; lower = carotid blood pressure. Time intervals = 10 seconds. (1) Saline 5 cc. (2) Choline 1..S mg. (3) Extract of 3 cc 
plasma. (4) Extract of 3 cc. corpuscles. (5) Extract of 3 cc. plasma. (6) Extract of 3 cc. corpuscles. (7) Choline 1..3 mg. (8) Extract o 
liver. (9) Same. (10) Flistamine 0.001 mg. 
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was then removed by chilling the extract Ultrafiltrates were prepared by filtra- 
tion through collodion membranes at high pressure. Extracts of tissue were made 
by boiling the fresh minced tissue in 0.1 per cent acetic add for 3 minutes, filtering, 
and adjusting the filtrate to pH 7.4 just before injection into the animal. 

Cats anesthetized with either ether or ethyl urethane were emploj'ed for the 
testing. Vagotomy was performed, the right kidney inserted into a Livingston 
oncometer, the left leg into a plethysmograph, and either the right carotid or the 
right femoral arterj* cannulated for recording the blood pressure. 

RESULTS 

Whole blood, plasma, serum, or corpuscles of rabbits, whether the 
blood was removed by puncture of the heart or by puncture of a 
peripheral artery or vein, yielded extracts which were powerfully 
depressor in action (Fig. 1). The renal volume is markedly reduced 
and the leg vessels dilated simultaneously with the fall in pressure. 
This action is unaltered by preliminary atropinization of the animal. 
The depressor action of plasma extracts differs from that of choline 
not only in that it is not abolished by atropine but also in that the 
constriction of the kidneys is quantitatively much more powerful and 
the peripheral dilatation considerably weaker. Apparently choline 
contributes little or nothing to the depressor action of plasma extracts. 

The powerful constrictor action in the kidneys is one of the most 
characteristic features of either corpuscle or plasma extracts of rabbit 
blood. From time to time, reversal of the usual depressor effect to a 
pressor one is observed. Even in these cases where the pressure rises 
instead of falling, the typical constriction of the kidneys is seen. This 
action on the kidneys resembles closely that resulting from the injec- 
tion of adenylic acid. Histamine also produces constriction of the 
kidney but with the same degree of reduction in blood pressure, ade- 
nylic acid has a more powerful constrictor action. 

Ultrafiltrates of rabbit blood plasma are actively depressant and 
also constrict the kidneys. Human plasma ultrafiltrates are inactive. 

Extracts of plasma from dogs’ blood plasma, whether arterial or 
venous, have almost no effect on the blood pressure of an etherized 
cat. Occasionally slight depressor action is observed. Extracts of 
whole blood, taken directly from the cannulated vessel into alcohol 
e.xhibit very sh'ght depressor action, while corpuscle extracts are 
moderately active depressants. The ultrafiltrates from plasma are 
uniformly without vascular action. 
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Comparison of Depressor Extracts of Human Blood with Other Depressor 

Substances and Extracts 

Human blood plasma differs from tliat of the rabbit and dog in yield- 
ing extracts which are pressor. However, if the blood is allowed to 
stand at room temperature for an hour or two, or to hemolyze, the 
extracts are powerfully depressor. Human ascitic and spinal fluid 
also yield pressor extracts when fresh, but if allowed to stand tlie e.x- 
tract yielded is depressor. 

Inspection of many graphic records shows tliat plasma extracts 
which exhibit depressor action produce marked renal constriction and 
relatively insignificant changes in the leg volume. In tins respect 
plasma extracts resemble tlie action of corpuscle extracts. 

Human corpuscle extracts, whether the extract has been prepared 
from intact or previously hemolyzed cells, are usually moderately 
strongly depressor. The depressor action is accompanied by marked 
constriction of the kidneys with an insignificant cliange in the leg 
volume. It is possible that the red cells liberate depressor substances 
into the plasma on standing. Many of our experiments indicate that 
this is true. 

Comparison has been made of the action of depressor extracts of 
plasma with that of acetic acid extracts of kidney, liver, and liistamine, 
adenosine,- adenylic acid, and clioline (Fig. 2). Ordinarily liistamine 
depresses the level of the blood pressure to an extent out of proportion 
to its action on the renal volume when compared with plasma extracts. 
Adenosine also has a more marked action on the level of blood pres- 
sure than on renal volume but adenylic acid may exliibit extreme con- 
strictor action on the kidneys without markedly affecting tlie level of 
the blood pressure. 

Choline, on the other hand, may depress the blood pressure to tlie 
same extent as plasma extract witliout at the same time producing 
marked renal volume reduction. Peripheral dilatation is especially 
active. The effect of extracts of liver and kidney closely resembles 
that of depressor plasma extracts, especially as regards tlieir powerful 
constrictor action on tlie kidne3'^s. 

- The adenosine and adenylic acid were kindly supplied by Dr. P. A. Levene 
and Dr. S. A. Harris. 
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CONCLUSIONS 

1. Alcoholic extracts of the plasma of rabbits obtained from arterial 
or venous blood differ from tliose of human plasma in having a marked 
depressor action on the blood pressure of anesthetized cats. This 
action is unantagonized on atropinization. Extracts of the plasma of 
dogs, on the other hand, are almost without vascular effect. 

2. Ultrafiltrates of the plasma of rabbits are actively vasodepressor, 
while those of human and dog plasma are without action. 

3. Extracts of the plasma of rabbits reduce the renal volume greatly 
and the}'- have a relatively weak dilator action on the arteries of the 
periphery. These effects resemble those of adenylic acid more tlian 
those of histamine. 

4. It is possible that the pressor-depressor substances of the blood 
are species-specific. 

5. Human plasma, ascitic and spinal fluid which have been allowed 
to stand, yield extracts that are depressor and in their pharmacological 
action resemble closely extracts prepared from red blood cells and 
acetic acid extracts of tissues. Their constrictor effect on the kidneys 
is marked. 

6. Histamine, choline, and adenosine depress the level of the blood 
pressure more effectively than they constrict the volume of the kid- 
neys, wliile the reverse is true when adenylic acid is employed. 
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ENCEPHALITIS. I 


differentiation of the disease on an etiological basis (5, 6), on the 
presence of the disease in Paris, Illinois, in 1932 (5), and in New York 
in 1933 (5), and on the immunological properties of the virus (7) have 
been made by Webster and Fite; and reports of clinical and epi- 
demiological data have been published b}’- Hempelmann (8), Leake 
(9), and Bredeck (10). The aim of the present series of. papers is to 
elaborate the preliminary reports from this laboratory and describe 
further experiments in detail. 

Materials and Methods 

The unusual feature in the teclinique of these e.\periments was the use of white- 
face, R. I. R., and Swiss mice. These specially bred animals have been described 
elsewhere in studies on inherited susceptibilit}’- and resistance to infectious dis- 
eases (1). The}’' were reared in a breeding room in which environmental and 
dietary factors are uniform and in w’hich no infectious diseases occurred. The 
mice had already proved higW}’’ susceptible to tlie neurotropic virus of sheep 
encephalitis, louping ill, developing a characteristic encephalitis (2) when inocu- 
lated either directly into the brain or into the nares. One strain of mice, tlie 
white-face, had proved equaU}'- susceptible to ever}’- microorganism and virus thus 
far tested, — B. cntcritidis, B. aertrycke, Paslcurclla aviscptica, B. fricdlacndcri, 
pneumococcus, and louping ill virus. This, together -with the Swiss strain, 
was therefore chosen for the present e.xperiments. 

Brain tissue from cortex, midbrain, and medulla was removed as soon as pos- 
sible after the death of the patient, placed in 50 per cent gb’cerine and mailed to 
this laboratory where it was kept at -f-4°C. until tested. For injection about 
2 gm. of tissue from different areas was placed in a mortar, ground with sterile 
alundum for 10 minutes, taken up in 0.85 per cent salt solution to make a 10 per 
cent suspension, and tested for anaerobic and aerobic bacteria. Intracerebral in- 
jections into the mice were made with a 0.25 cc. tuberculin sjuringe and short 
No. 26 gauge needles. The mice were anesthetized lightlj’ and given the inoculum 
into the brain through tlie skull, lateral to the mid-dorsal line and posterior to 
the ej'e. The}’’ were then placed one to five per cage and observed for 21 da 3 ’s. 
Signs of disease were looked for dail}’; prostrate or dead animals were examined 
at once or kept at -f 4°C. 

Transmission Experiments in Mice {Text-Fig. 1) 

Specimen 1. — Brain tissue from a female patient aged 20 j’ears who died at 
St. Louis City Isolation Hospital Aug. 21, 1933. Anatomical diagnosis: Enceph- 
alitis.^ The first inoculation of tissue was made Sept. 1, 1933, into two white- 


^ We are indebted to Drs. Muckenfuss and McCordock for fi.xed tissue from, 
and histological diagnosis of the cases of encephalitis from St. Louis, and to Dr. 
Stookey for fixed tissue for microscopic study from the Kansas City cases. 
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passage. The emulsion from the white-face Mouse A was injected into two white- 
face and two Swiss mice on Sept, 9; the brain emulsion from the other white-face 
Mouse B was injected similarly on Sept. 14. Mice receiving the A emulsion died 
on the 4th day. A brain from one of these white-face mice was emulsified and 
injected into two white-face and two Swiss mice on Sept. 14. These mice died 
on the 3rd, 3rd, 3rd, and 4th days following injection. A brain from one second 
passage Swiss mouse was treated similarly and injected into three white-face and 
three Swiss mice on Sept. 14. Two of the inoculated white-face mice died on the 
8th day; the other survived. The three Swiss mice died on tlie 6th, 6th, and 
7th days respectively. A brain emulsion of the first passage white-face Mouse B 
was given to two Swiss and two white-face mice on Sept. 14. They died on the 
5th, 6th, 8th, and 8th daj's respectively. The brain from one Swiss mouse was 
given to two R. I. R. and two Swiss mice on Sept. 20. These third passage mice 
died with cliaracteristic signs on the 5th, 6th, 5th, and 5th days respectively. 
The material was then stored in 50 per cent glycerine until Nov. 9, when a fourth 
passage was made. Fiftli to tenth passages were then made with fresh tissue and 
the material was again stored in glycerine on Jan. 5, 1934. The results were 
consistent and similar in every waj-^ to those obtained with Strain ‘3. A second 
successful attempt to transmit the disease from the human material to mice was 
made Sept. 11, 1933, at which time two white-face and two Swiss mice were 
injected. One white-face mouse and one Swiss mouse died on the 6th day; the 
other two remained healthy 21 da 3 's. From the brain of the white-face mouse an 
emulsion was made and injected into two R. I. R. mice and 1 Swiss mouse. These 
died promptly on the 5th day with characteristic signs of encephalitis. A third 
attempt to transmit the disease from the human material was made on Oct. 5 
when four Swiss mice were injected, and a fourth attempt on Oct. 19 when four 
white-face mice were injected. All remained alive and well 21 da 3 's. 

Specivien 5 . — Brain tissue from a male patient who died at Deaconess Hospital, 
St. Louis, Sept. 1, 1933. Anatomical diagnosis: Encephalitis. The first inocu- 
lation was made September 6, 1933, into two white-face and two Swiss mice. 
One Swiss mouse was found prostrate and was sacrificed on the 8th day; the others 
remained well. A second passage was made from the brain of tlie positive mouse 
into two Swiss mice and one R. I. R. mouse on Sept. 20. The 3 ' died on the 5th, 
5th, and 6th days respectively. An emulsion for third passage was made from 
the brain of one of the Swiss mice and injected into four Swiss and four R. I. R. 
mice on Sept. 27. They died on the 5th, 5th, 5th, 6th, 4th, 5th, 5th, and 6th 
da 3 ’^s respectively with typical signs of encephalitis. The material was then 
stored in glycerine until Nov. 9 when a fourth passage was made. Fifth to ninth 
passages were then ma’de in rapid succession and the ninth passage material was 
again stored in glycerine. The results of these passages were similar in every 
way to previous tests with this Strain 5 and with Strains 3 and 4. Three addi- 
tional unsuccessful attempts to transmit the disease from the human material to 
mice were made on Oct. 5 at whicli time four Swiss mice were injected, on Oct. 19 
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dead on the 3rd day. The brains from one n’hite-face and one Swiss mouse were 
pooled and injected Nov. 4 into three Swiss mice. They were all dead on the 
4th day. A fourth and fiftli passage were made in Swiss mice Nov. 9 and Nov. 15. 
All died in 3 to 5 daj^s. Brains of the fifth passage mice were preserved in gl 3 'cerine 
until Dec. 16 when tlie sixth to ninth passages were made. This strain from 
Kansas Cit}' behaved in ever}-^ wa}'^ like tlie St. Louis strains and gave rise in the 
injected mice to the D^pical signs of encephalitis. A tliird attempt witli the 
original human material was made Nov. 3. Four white-face mice were injected 
and one was prostrate and one was dead on the 6th day. The prostrate mouse 
was sacrificed, its brain removed and injected Nov. 10 into three Sutss mice. 
These were all dead on tlie 5th da}'. Their brains were removed and stored in 
gl 3 'cerine. 

Specimen 12 . — Brain tissue from a female patient aged 68 who died at tlie 
De Paul Hospital, St. Louis, Sept. 3, 1933. Anatomical diagnosis: Encephalitis. 
One transmission experiment was made Oct. 16, 1933, by inoculating four white- 
face mice. The mice remained weU. 

Specimen 13 . — Brain tissue from female patient who died at tlie Jendsh Hospital, 
St. Louis, Sept. 3, 1933. Anatomical diagnosis: Encephalitis. One attempt to 
transmit tlie disease was made with tliis specimen on Oct. 16, 1933. Four white- 
face mice were injected but none showed an}' sign of disease for the 21 da}'s 
following. 

Specimen 14 . — Brain tissue from male patient aged 65 who died at St. Louis 
County Hospital Sept. 6, 1933. Anatomical diagnosis: Encephalitis. One injec- 
tion of the brain tissue was made on Oct. 16, 1933, into four white-face mice. 
All remained well. 

Specimen 15 . — ^Brain tissue from male patient aged 80 3 'ears who died at die 
St. Louis County Hospital Sept. 10, 1933. Anatomical diagnosis: Encephalids. 
One injection of tissue into four white-face mice u'as made Oct. 16, 1933, witii 
negadve results. 

Specimen 16 . — ^Brain tissue from a female patient aged 75 who died at Barnes 
Hospital, St. Louis, Sept. 14, 1933. Anatomical diagnosis: Encephalitis. An 
injection of this material was made Oct. 16, 1933, into four white-face mice. 
Three remained well, but one, with tremors and convulsions on the 8th day, was 
sacrificed. Its brain, prepared and injected Oct. 25 into two white-face and two 
Swiss mice, was fatal to all four on the 4th da}'. Brains from these nuce were 
pooled and a third passage made Oct. 30 into two white-face and two Suuss mice. 
AH were in convulsions or prostrate on the 4di day. A fourth passage, Nov. 4, 
fifth passage, Nov. 8, and sixth passage, Nov. 15, were made successfully and die 
material preserved in glycerine. This strain behaved in every way like the others. 

Specimen 17 . — Brain tissue from male patient aged 65 years who died at die 
Jewish Hospital, St. Louis, Sept. 4, 1933. Anatomical diagnosis: Encephalitis. 
One injecdon of this material w'as made Oct. 16, 1933, into four white-face mice. 
All remained well during the 21 day period of observation. 
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dead on the 3rd day. The brains from one white-face and one Swiss mouse were 
pooled and injected Nov. 4 into three Swiss mice. They were all dead on the 
4th day. A fourth and fifth passage were made in Swiss mice Nov. 9 and Nov. 15. 
All died in 3 to 5 da 3 's. Brains of the fifth passage mice were preserved in glycerine 
until Dec. 16 when tlie sixth to ninth passages were made. This strain from 
Kansas City behaved in ever}' wa}' like the St. Louis strains and gave rise in the 
injected mice to the typical signs of encephalitis. A third attempt with the 
original human material was made Nov. 3. Four white-face mice were injected 
and one was prostrate and one was dead on the 6tli daj'. The prostrate mouse 
was sacrificed, its brain removed and injected Nov. 10 into three Swiss mice. 
These were all dead on tlie 5th daj'. Their brains were removed and stored in 
gl 3 'cerine. 

Specimen 12 . — Brain tissue from a female patient aged 68 who died at tlie 
De Paul Hospital, St. Louis, Sept. 3, 1933. Anatomical diagnosis: Encephalitis. 
One transmission experiment was made Oct. 16, 1933, by inoculating four white- 
face mice. The mice remained well. 

Specimen 13 . — Brain tissue from female patient who died at tlie Jewish Hospital, 
St. Louis, Sept. 3, 1933. Anatomical diagnosis: Encephalitis. One attempt to 
transmit tlie disease was made with this specimen on Oct. 16, 1933. Four white- 
face mice were injected but none showed any sign of disease for the 21 da 3 '’s 
following. 

Specimen 14 . — Brain tissue from male patient aged 65 who died at St. Louis 
County Hospital Sept. 6, 1933. Anatomical diagnosis: Encephalitis. One injec- 
tion of the brain tissue was made on Oct. 16, 1933, into four white-face mice. 
All remained well. 

Specimen 15 . — Brain tissue from male patient aged 80 3 '’ears who died at the 
St. Louis County Hospital Sept. 10, 1933. Anatomical diagnosis: Encephalitis. 
One injection of tissue into four white-face mice was made Oct. 16, 1933, with 
negative results. 

Specimen 16 . — Brain tissue from a female patient aged 75 who died at Barnes 
Hospital, St. Louis, Sept. 14, 1933. Anatomical diagnosis: Encephalitis. An 
injection of this material was made Oct. 16, 1933, into four Avhite-face mice. 
Three remained well, but one, with tremors and convulsions on the 8th day, was 
sacrificed. Its brain, prepared and injected Oct. 25 into two white-face and two 
Swiss mice, was fatal to all four on the 4th da}'. Brains from these mice were 
pooled and a third passage made Oct. 30 into two white-face and two Swiss mice. 
All were in convulsions or prostrate on the 4tli da}'. A fourtli passage, Nov. 4, 
fifth passage, Nov. 8, and sixth passage, Nov. 15, were made successfully and tlie 
material preserved in glycerine. This strain behaved in every way like tlie others. 

Specimen 17 . — Brain tissue from male patient aged 65 years who died at the 
Jewish Hospital, St. Louis, Sept. 4, 1933. Anatomical diagnosis: Encephalitis. 
One injection of this material was made Oct. 16, 1933, into four white-face mice. 
All remained well during the 21 day period of observation. 






Sept. 1 


Specimen No. 3 

Sept. J1 Oct. 5 


o ©ji □ 

&\6 6\ 


« o n ta 

11 16 7 7 


n □ □ □ 


9 • tB a 

4\4 4 4 


G o n D 

4 5 4 5 


El A A 

5 5 5 


9 G ta O 
O G G Q 
4 4 3 4 
4 4 4 4 


G e E3 Q Q 

O G G GS G9 

6 7 6 6 8 

8 8 9 6 7 


Sept. 1 


Specimen No. 4 


Sept. 11 


O QtD □ 
6\9^^ 


© O B □ 
^ 6 


Oct. 5 

I 


□ □ □ O 


O G G3 B 
4\4 4 4" 


O O B Q 

-8^8 5 6" 


BAA 

^55 


O C B B 

3 4 3 3 


GGOQigQ QQAA 
88 667 5556 


Sept. 8 


Specimen No. 8 

Oct. 5 Oct. 19 


GOOocvJDaa 
9 11 


□□□□ oooo 


B E3 A 

5 5 5 


Oct. 9 

1 

Specimen 
Oct. 19 

No. 11 

Nov. 3 

1 

□ ODD 

oooo 

oooo 

^6 



O = White -|ace 
□ “Swiss 
A^R.I.R. 


White symbols" survived 
Black II “died 
NuiTiber3 = Survival in 
days after injection 


Oct. 19 

I 


OOOO 


Sept. 6 

1 

specimen No. 5 

Oct. 5 Oct. 19 

__ 1 

Nov. 23 

O O 1 □ 

1 

□□□□ oooo 

□ ODD 

e B A 

5 6\^ 



llC3Clf3AAAA 

55564556 




Nov. 23 

I 


□ □ □ □ 



Text-Fig. 1. Successful transmission and maintenance of encephalitis (St. Louis 
and Kansas City) in mice. 
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collected about many small blood vessels throughout the brain, stem, 
and cord, especially near the meninges (Figs. 1 and 2). The cells were 
likewise present in the pia in the perivascular and neighboring spaces. 
Near them, glial cells were sometimes mobilized. Most striking, how- 
ever, were the lesions in the lobus piriformis and cornu Ammonis of 
the cortex (Figs. 1, 3, and 4). Here the bands of pyramidal cells, 
normally very regular in their arrangement, showed areas of sudden 
widening, distortion, and nearly complete destruction. The py- 
ramidal cells contiguous to the normal area were scattered, some with 
large ameboid outlines, otliers witli pycnotic nuclei and shrunken 
cytoplasm. Glial cells and scattered mononuclear cells were con- 
spicuous. Adjacent to this early lesion there were often areas in 
which no pyramidal cells remained, consisting of either a relatively 
homogeneous necrotic substance with an occasional shrunken glial 
cell, or leucocyte, or areas of definite thinning and softening. Thus 
far, no specific cellular pathology has been noted beyond certain intra- 
nuclear bodies in the choroid and glial cells of certain mice, whicli are 
being subjected to further study. 

DISCUSSION 

Primary encephalitis breaks out occasionally in epidemic form. 
For example, lethargic or epidemic encephalitis did so following tlie 
influenza pandemic of 1917-18 in Europe and the United States; 
Japanese Type B encephalitis occurred during August and September, 
1924 and 1933; and the encephalitis now under study was prevalent 
in St. Louis in August and September, 1933. Some infectious agent 
has been postulated as responsible for these epidemics but searches 
for tlie agent in the case of epidemic and Japanese Type B encephalitis, 
while eliminating the more common bacterial species and suggesting 
the presence of a virus, have not yet disclosed the presence of any 
specific agent. Still less clear is our understanding of the nature of 
tlie sporadic cases of primary encephalitis, which differ so widely in 
clinical and time and space patterns. The main problem is therefore 
whether the types of primar}’- encephalitis referred to are one or many 
diseases and whether they, like certain types of encephalitis of animals, 
are to be regarded as infections, each one associated with a specific 
filtrable virus. 
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Transmission of the St. Louis encephalitis to Macacus rhesus mon- 
keys for five passages by presumably bacteria-free suspensions of 
brain tissue from fatal human cases (3) is suggestive that this disease 
is a virus infection, but unfortunately the clinical disease of the passage 
monkeys becomes progressive!}’- less definite and finally disappears, 
even though a technique of massive inoculation is employed. It is of 
special interest, therefore, that the St. Louis and Kansas City diseases 
can be transmitted to mice in indefinite series by small injections of 
bacteria-free brain emulsions from fatal cases, and that a characteristic 
and consistent clinical and pathological picture results. From these 
experiments, it is inferred that at least one type of encephalitis is in- 
fectious in nature and incited by a -vdrus agent. 

CONCLUSIONS 

1. Mice of special strains injected intracerebraUy -witb a 10 per cent 
emulsion of bacteria-free brain tissue from fatal cases of encephalitis 
in St. Louis and Kansas City develop a characteristic and fatal 
encephalitis. 

2. Transmission of the disease can be continued indefinitely by in- 
jecting the bacteria-free brain tissue from the infected mice into 
healthy mice. 

3. In the injected mice there is a 3 to 4 day incubation period, 
follo-wed by hyperesthesia, coarse tremors, con-vmlsions, prostration, 
and death in from 4 to 6 days. 

4. The lesions in the mice -with experimental encephalitis consist 
chiefly of perivascular accumulations of mononuclear leucoc}'tes 
throughout the brain, stem, cord, and the pia, and destruction of 
pyramidal cells in the lobus piriformis and cornu Ammonis. 

5. The human encephalitis brain tissue preserx’ed in glycerine from 
the time of death of the patient apparently loses its infecthlty for 
mice in about 32 days. 
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EXPLANATION OF PLATE 2 

Fig. 1. Lobus piriformis. Perivascular and subpial accumulations of mono- 
nuclear cells and destruction of p 3 TramidaI cells (outlined area), with scattered 
glial cells and leucocj'tes. Hemato.xjdin and eosin stain. X 100. 

Fig. 2. Lobus piriformis. Perivascular, mononuclear Icucocj’te infiltration. 
Hematoxylin and eosin stain. X 100. 

Fig. 3. Cornu Ammonis. Specific destniction of pjTamidal cells (outlined 
area), witli little or no surrounding reaction. Hemato.xylin and eosin stain. 
X 100. 

Fig. 4. Cornu Ammonis. Destruction of p 3 -ramidal cells. Normal cells 
(right); ameboid and pycnotic cells (center and left); cell destruction (left). 
Heraato.x 3 din and eosin stain. X 420. 
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I. SPLENECTOMIZED BILE FISTULA DOGS 


persists over a long period of time. He has obser\fed that the cliaraclcristic bodies 
appear in the blood in greatest numbers just before the greatest drops in the red 
count and liemoglobin occur. He has been able to reproduce the condition in 
other splenectomized dogs by inoculation of blood from infected animals. His 
attempts to cultirate the bodies were unsuccessful. 

To determine whetlier Barlonclla cam’s is associated with the pig- 
ment and blood phenomena observed in splenectomized bile fistula 
dogs, the following experiments have been carried out.^ 

M ethods 

Blood smears from gall bladder-renal and sterile closed fistula dogs as well as 
normal and splenectomized dogs were made at frequent inter\'als. The fistula 
dogs were among tliose being used for pigment studies, and were kept under 
standard conditions as to diet, bile intake, and routine care prior to and during 
the course of tlie investigation. Paper II (5) of this series relates full details as to 
the care and details of stud}' of the pigment metabolism of tliese dogs. 

The blood smears were stained with Wright’s stain by the usual method, and 
were e.\amined under oil immersion for Bartonella bodies. 

Frequent red cell counts were made in conjunction with hemoglobin and 
hematocrit estimations. 

In transmission e.vperiments, tlie necks of the dogs were shaved and cleansed 
using soap, alcohol, and iodine tedmique. The blood (5-10 cc.) was removed 
from the jugular vein of the donor in a sterile syringe, and introduced, without the 
addition of an anticoagulant, into the jugular vein of the recipient. 

EXPERIMENTAL OBSERVATIONS 

Four splenectomized gall bladder-renal fistula dogs were studied. 
Three of these were showing typical severe disturbances in pigment 
metabolism. The fourth (32-74) had never showed the marked degree 
of blood destruction that was observed in other animals. This dog 
will be described in some detail later. In the tliree former animals, 
bodies have been found associated with the red blood cells which are 
morphologically indistinguishable from Barlonclla cam's, according to 
descriptions and photographs of Kikuth (4) and Regendanz and 
Reichenow (9). 

Fig. 1 shows the characteristic appearance of the bodies in the 
blood of a dog (29-329) in which they are quite numerous. They 

^ We are grateful to Dr. Cornelius P. Rhoads for suggesting the possible associa- 
tion of Barlonclla cams with the phenomena observed in these animals. 
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appear as dark blue staining elongated beaded rod-like forms, and 
most frequently lie in a radial direction, on or in tbe cell. Pale 
vacuolated spaces in the affected red cell are commonly noted at one 
or both ends of the bodies. In addition to the beaded rod-like forms, 
of which 1-4 have been observed in association with one cell, there 
are short rods and small coccoid bodies, which may be present in the 


Bile 

Pigment 

mq. 



Ch.\rt a. BarloncUa incidence in splenectomized bile Sstula dogs. 


same cells with the rods, or many of this tjqje alone may be numerous 
in other cells. Tiny ring forms such as those described by Regendanz 
and Reichenow are frequently present, and are most numerous early 
in the course of a tjqjical period of blood destruction. Occasional 
narrow semilunar sickle-like forms have been obser^-ed. Such bodies 
have a granular appearance and sometimes e.vtend, at the periphery of 
tlic cell, about two-thirds of the waj' around it. 
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I. SPLENECTOMIZED BILE FISTULA DOGS 


Usually the more severe tlie involvement of the animal, as meas- 
ured by the blood destruction, the more diverse are the types of 
bodies present. A short time after tlie initial appearance of such 
bodies in tlie blood, usually 3-5 days, every dog ivhich has been ob- 
served has shown evidences of blood destruction. This reflects itself 
in a drop in tlie hemoglobin percentage, and in a rise in the bile pig- 
ment output. The bodies disappear quite abruptly from the blood. 



Chart B. Barioiiclla incidence and anemia in splenectomized dog. 

and intervals of a few days to a month may elapse before they re- 
appear. Not one of the dogs has so far spontaneously recovered 
from the involvement. 

Chart A shows an interval of about 2 months during the course of one of the 
splenectomized gall bladder-renal fistula dogs (29-329). It represents the daUj”^ 
bile pigment output, the weekly hemoglobin determination, and frequent examina- 
tions of blood smears. The periodic nature of tlie changes in these determinations 
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I. SPLENECTOMIZED BILE FISTULA DOGS 


The course of the second splenectomized dog (33-292) is illustrated in Chart C. 
This dog had had a splenectom}' 9 da 3 's previous to the inoculation. Blood smears 
had been studied dailj' for 28 da 3 's previous to the inoculation, and all had been 
negative. Ten cc. of blood from the same dog (29-329) were injected intraven- 
ousl 3 ’- on the same da 3 ' that tlie previous splenectomized animal was inoculated. 
Two da 3 ^s after inoculation, bodies were first noted in tlie blood, and the smears 
continued to be positive for 15 days. This was associated witli a definite drop 



Doijs 10 2.0 50 

Chart C. Bartonella incidence and anemia in splenectomized dog. 

in the number of circulating red cells, and in the hemoglobin. The C3’’clical ten- 
dency after the initial positive period shows up to advantage in tliis cliart. 

The third animal to be inoculated was a splenectomized closed sterile fistula dog 
(33-51) which had been operated upon 9 days previously. Smears studied pre- 
vious to the inoculation were negative. Four da 3 's after inoculation a four plus 
smear was observed, and the bile pigments showed a definite rise. This animal 
continued to have C3'clical periods of blood destruction. 

CONTROL EXPERIMENTS 

Daily blood smears from a normal dog (31-271) were examined for 9 consecutive 
da 3 'S. All were negative. On the 9th da 3 ' the dog was inoculated with 10 cc. of 
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blood from a.splenectomized gall bladder-renal fistula dog (29-329), whicb showed 
at the time a one plus smear. For a period of 31 days, daflj' smears were examined. 
Red blood counts were made tri-weeklj*, and hemoglobin and hematocrit estima- 
tions were carried out weekly. At no time was there any significant variation in 
the latter three determinations, and no Bartonella bodies could be found in any of 
the blood smears. 

In addition, daily blood smears from four other normal dogs have been studied 
over a period of time, and no Bartonella bodies have been noted. 

Cultural Attempts 

So far, attempts to culture the bodies have been futile. The effort 
has not been undertaken on a large scale, but blood from two dogs 
showing characteristic bodies was introduced in various dilutions 
into leptospira media prepared according to the method of Noguchi 
(7). The cultures were incubated at 30°C. and were examined at 
intervals up to a month. A few tubes were contaminated with 
moulds, otherwise no growth was observed. 

Therapeutic Measures 

Both Kikuth and Regendanz and Reichenow have reported “steril- 
ization” of the blood stream of animals bearing Bartonella cams by 
the use of neosalvarsan. We have carried out one preliminary test 
along these lines. A dog (29-329) which has shown regular periodic 
intervals of blood destruction associated with the presence of Bar- 
tonella bodies over a period of 8 months was given a single intravenous 
dose of neosalvarsan. 210 mg. or the equivalent of 15 mg. per kilo 
weight were injected on a day when the blood smear was three plus. 
The following day the smear was negative, and over a period of 7 
weeks, frequent examinations have remained negative. In the mean- 
time, no demonstrable periods of blood destruction have occurred; 
the hemoglobin has risen almost to the control level; and the bile 
pigments have remained low. 

Before the association of Bartonella canis to the condition was 
recognized, spleen e.xtracts were fed to a dog on the assumption that 
the periods of blood destruction might be related to the lack of some 
intrinsic spleen factor. Not until after the spleen feeding had been 
discontinued, was the relation of Bartonella canis demonstrated 
At this time the animal was again showing t>-pical cychcal periods of 
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Chart D. Spleen extract feeding in splenectomized bile fistula dog. 
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anemia and pigment overproduction. Barlondla bodies were demon- 
strated in large numbers, in relation to the anemic periods. Since 
the results obtained were so clear-cut it seems worth w'hile to include 
them in this report. 

A dog (31-269) was splenectomized and a gall bladder-renal fistula made on 
March 28, 1932, with an uneventful recoverv'. It remained normal, as far as 
pigment metaboh’sm was concerned, until September 22, when the first period of 
excess elimination of bile pigment began. During the following 3 months there 
were six distinct periods of bile pigment excess and anemia. At the height of the 
seventh Q-de (December 25, 1932) spleen extracts were added to the diet in the 
following amounts; 3.6 gm. of No. 55 and 5 gm. of No. 343.* Cycles of pigment 
overproduction continued so that on January 18, 1933, 24 days later, the amounts 
of e.xtract were doubled. Thirteen days later, 11.25 gm. of liver e.xtract No. 55 
were added in addition to the spleen factor, and the dog was kept on this diet for 3 
months. The cj'des still persisted, so the No. 55 spleen extract was increased to 
10.8 gm. and the No. 343 spleen extract to 15 gm. The liver extract was dis- 
continued at this time. The above amounts of spleen extract are equi\-alent to 
about 700 gm. of fresh spleen. 

Chart D shows what occurred after the extracts were increased to the above 
stated amounts. The periods of pigment overproduction are seen to stop abruptly, 
and the amounts of bile pigment eliminated thereafter are comparable to the basal 
control level. The hemoglobin rises and remains at about 100 per cent. On 
July 13, 1933, 1\ months later, spleen feeding was discontinued, and 4 da\s later a 
tj-pical period of pigment excess occurred. Similar periods, increasing in severitj', 
followed rapidl\' over an interval of 5 months until December 12, 1933, when the 
dog was acddentaUy killed. 


DISCUSSION 

The results indicate that the hitherto inadequately explained periods 
of bile pigment overproduction and anemia which have occurred 
spontaneously in splenectomized bile fistula dogs under observation 
in this laboratory, are associated with the presence of Barlondla bodies 
in the blood. That bodies were demonstrated but once in one animal 
(32-74) and irregularly in another dog (31-359), does not exclude the 

* The spleen and liver e-xtracts were prepared and furnished to us by Eh* Lilly 
and Company. Spleen e.xtract No. 343 is prepared according to the method of 
Cohn and Minot (1) which is used in making liver extract No. 343, a fraction potent 
m pernidous anemia. The preparation of hver e.xtract No. 55, potent in <=econdar\' 
anemia, is described in a prevnous pubUcaUon (11) and the spleen e.xtract No h 
prepared according to this method. ' ^ ^ 
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possible relationship of Bartonella to the condition. That animals 
apparently have individual susceptibility which varies greatly has 
been pointed out by Kikuth, in descriptions of acute and chronic 
forms of Bartonella infection. The one dog (32-74) in which we failed 
to get a clear-cut picture of Bartonella bodies in the blood was probably 
higlily resistant to the infective agent. As evidence for this is the 
fact that on two occasions it was inoculated with blood from another 
animal which showed Bartonella bodies, and on neither occasion was 
there nearly as marked a reaction in the form of anemia as was ob- 
served in the otlier animals. 

It is of interest that spontaneous involvement witli Bartonella cauls, 
while apparently regularly occurring in splenectomized bile fistula 
dogs, has not occurred in dogs in this laboratory following a splen- 
ectomy alone. Other workers have observed such an event in simple 
splenectomized dogs. Numerous splenectomized dogs have been 
studied over long periods of time in our anemia colony, and in no 
instance has there been any evidence pointing to blood destruction by 
Bartonella or by any other agent. The anemia colony, however, con- 
sists of dogs raised in the kennels, and at all times completely isolated 
from contact with any other dogs. This fact may well explain free- 
dom from infection. In our dogs with splenectomies alone, the post- 
inoculation anemia has not attained the severity of that observed in 
the splenectomized animals with bile fistulas. The role played by the 
bile fistulas in the determination of the spontaneity and severity of 
the condition is not understood. Possibly the lack of certain bile 
constituents plays a part in the lowered resistance of the animals. 

Our single test with neosalvarsan agrees with the work of Kikutli, 
who tested this drug in five dogs. 

Our limited experience with tlie use of spleen extracts suggests that 
they may have an inhibiting effect on the condition. Further work 
along this line is in progress. 

SUMMARY AND CONCLUSIONS 

Splenectomized bile fistula dogs in this laboratory have regularly 
exliibited spontaneous periods of anemia, which are associated with 
excessive bile pigment production. 

In three out of four dogs, such periods have been shown to be as- 
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sociated with the presence in the blood of bodies morphologically in- 
distinguishable from descriptions of Bartonella cams. 

Simple splenectomized dogs have not shown such periods of anemia 
arising spontaneously. Inoculations of blood containing Barlotiella 
bodies into two splenectomiaed dogs have resulted in intervals of 
blood destruction associated with the presence in their blood of bodies 
similar to those in the inoculated blood. Injection of such blood into 
a splenectomized biliary-renal fistula dog has resulted in a similar 
picture. 

Efforts to cultivate Bartonella bodies in artificial culture media have 
so far been unsuccessful. 

Neosalvarsan appears to have a specific sterilizing effect on the 
condition. 

Spleen extract feeding appears to have an inhibiting effect upon 
the periods of anemia and bile pigment overproduction. 
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EXPLANATION OF PL.\TE 3 

Fig. 1. BarloncUa bodies in blood of a splenectomized bile fistula dog (29-379) 
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II. THE SPLENECTOmZED BILE FISTULA DOG 


Methods 

The renal type of bile fistula was used as de\nsed by Kapsinow, Engle, and 
Harve}' (3). Tliis tj'pe of fistula has been utilized for several years in tin’s lab- 
oratory and the care of these dogs has been described in detail elsewhere (7). We 
emphasize the fact that such dogs witli bile flowing freely into the renal pelvis can 
be maintained in perfect health and weight equilibrium for years. It is necessarj' 
to give 50-75 cc. of bile dail}', together witli a balanced ration. 

The spleen ma}' be removed at tlie time of tlie bile fistula operation or sub- 
sequently. Dogs are kept in metal metabolism cages at all times and water is 
given b}’’ stomach tube about 3 hours before tlie 24-hour urinarj’^ collection is 
made. The dog usually empties the bladder between the water ingestion and urine 
collection which makes for uniformity in urine collection, as ob\dousty residual 
urine ma}' give irregular values for dail}' bile pigment elimination. Catheteriza- 
tion would introduce infection and is never employed. Chloroform 5 cc. placed in 
the collection bottle acts as a preservative. 

The dogs are weighed 3 times eacli week. Red cell hematocrit and blood hemo- 
globin determinations are made at least once a week and often daUj' during periods 
of pigment overproduction and anemia (5). Occasional blood plasma volume 
determinations are done b}- the vital red method (2). 

Diets are essentially the same in eacli experiment and consist of canned salmon, 
Klim (a commercial dried whole milk powder), and a bread prepared in tliis 
laboratory. Water 400 cc. is added to the dried bread and the ingredients mixed 
into a mash. The bread is used in our anemia colony and is an adequate diet 
capable of maintaining dogs in health indefinitely. It contains wheat flour, bran, 
potato starch, caimed salmon, sugar, cod liver oil, canned tomatoes, j*east, and a 
salt mixture. Its preparation has been described (10). On this diet tlie hemo- 
globin production of anemic health}' dogs has been carefull}' studied and is well 
understood. The obvious advantage of this diet in bile fistula dogs for bile pig- 
ment study needs no comment. An output of 2-5 gm. of hemoglobin eacli week 
over and above the maintenance factor is to be e.xpected on this diet. 

Bile Pigment Determination in Urine . — The urine-bile mixture passed in tlie 
24-hour period is measured, and if from previous determinations the amount of 
bile pigments is known to be high the urine may be diluted nith water to a definite 
volume. 

Ten and 20 cc. portions of the diluted or undiluted 24-hour urine samples are 
made alkaline to litmus with ammonia, then 10 cc. of a calcium cliloride solution 
(10 gm. in 100 cc. of solution) are added. This causes a voluminous precipitate to 
form, which is thrown down by use of the centrifuge, tlie supernatant clear fluid is 
decanted and the precipitate is dissolved in 10 cc. of 95 per cent alcohol to which 2 
cc. of concentrated hydrochloric acid are added. The solution is poured into a 50 
cc. volumetric flask, concentrated nitric acid containing oxides of nitrogen is 
added (0.2-0.4 cc.) and then made up to volume with alcohol. The blue-green 
color develops within a few minutes and the pigments are estimated by means of 
the colorimeter — Dubosque type. 
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II. THE SPLENECTOMIZED BILE FISTULA DOG 


previous to the beginning of the chart. The bile pigment and hemo- 
globin during the postoperative interval had remained witliin levels 
corresponding to the first 15 days shown on the chart. The abrupt 
rise of pigment output and the associated fall of hemoglobin are 
characteristic, as are the step-like swings of bile pigment to higher 
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Chart E. Period of bile pigment overproduction and anemia in splenectomized 
bile fistula dog. 

levels. During the period when the hemoglobin was very low, the 
dog was transfused several times in order to maintain life. 

Table 21 is a summary of pigment data of tire same dog for 134 
days, during which time the animal was showing numerous cycles of 
blood destruction. 
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• II. THE SPLENECTOMIZED BILE EISTULA DOG 


previous to the beginning of the chart. The bile pigment and hemo- 
globin during the postoperative interval had remained within levels 
corresponding to the first 15 days shown on the chart. The abrupt 
rise of pigment output and the associated fall of hemoglobin are 
characteristic, as are the step-like swings of bile pigment to higher 
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Chart E. Period of bile pigment overproduction and anemia in splenectomized 
bile fistula dog. 


levels. During the period when the hemoglobin was very low, the 
dog was transfused several times in order to maintain life. 

Table 21 is a summary of pigment data of the same dog for 134 
days, during which time the animal was showing numerous cycles of 
blood destruction. 
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The various periods range, as shown in Column 1, from 6-25 daj-s. The}- 
represent phases in which the pigment metabolism was relatively similar. In some 
of the periods a comparatively small amount of blood destruction was taking place; 
in others, large amounts of blood were being broken down. Column 2 shows the 
total amount of bile pigment estimated in the urine during the corresponding 
experimental period. The excess of pigment above the control level for a similar 
length of time is shown in Column 3. This control level is obtained bj' multipl 3 Tng 
the number of daj-s of the e.xperiment at hand bj- the average dail}' output of bUe 


TABLE 21 

Pigment Surplus in the Splenectomized Bile Fistula 
Dog 31-359. Basal bile pigment output 87 mg. per day. 


Days of experiment 

Total bile pigment output 

Blood Hb. level 

Pigment lost gm. 
Hb. equivalent 
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pigment during the control period, which in this case was of 9 weeks’ duration. 
Average basal bile pigment output during this period aas 87 mg. dailj-. The excess 
amounts of bile pigment e-xpresscd as hemoglobin, represented in Column 4, are 
obtained b\- dividing the hgures in Column 3 by 40, 1 gm. of hemoglobin \-ielding 
•50 mg. of bile pigment. Column 7 shows identical figures with Column 4. AU 
subsequent calculations are in terms of grams of hemoglobin. The pigment lost 
or gained in the blood is estimated from the fall or rise in hemoglobin, which is 
mrordcd in Columns 5 and 6. The grams of hemoglobin equi\alent to the change 
m hemoglobin percentage are estimated b\’ the formula: 

Grains Hemoglobin = 13.S X Blood Volume X Per Cent Hemoglobin Change, 
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blood. ^ the pigment lost or gained in the 

add®: ^TbS:;: « “•• 

to or from the excess of bile nipm^nf • P’gment cliange in the blood, 

pigment at various nerds bik 

level during the same periods In Addition hemoglobin 

figures representing Uie ninmonf c. *i ^ constancy between the 

globin values. citlier the bile pigment or the Iierao- 

me^t w™3rdav<!^r 

of bile pigment ^tV ^ eliminated 39,642 mg. 

level fw^he anim f ^^ove the normal control 

destroyed hemoglobin. T 

gm. more cirmlnf" i period, 45 

This plus the henT^i experiment, 

eliminated ^ °r. bile pigment which was 

daay average formation of 5.5 gm. of hemoglobin. “ 

fistuh ™hT 31-267 witir a gall bladder-renal 

drazine hvdrnri l” '-'PWiments. It was given acetyl phenylhy- 
whefter subcutaneously, in an attempt to Lermi.u> 

mew lots ™ “"S "'O'J'i pig- 

This a?“r T’' ‘° of “'o Scr/cc/h animals, 

other dC conditions similar to the 

whTi“i: fn,ir‘’Tr‘" P™°'’ f” *0 oourse of tlie experiment, 

of 1“ ^ “ “0™' “ '^“oh three doses of 150 mg. each 

were elfm?!JT/r"- fo« period 123 mg. of bile pfgment 

trol wTof 6^ m°u” “ “ compared with the bLl con- 

S oSof M P'®”ont level is due to the fact that 

control wf T r™“= »f phenylhydrazine and tl.e 

IsTshown ?b d“u “Ofo “0^0 *“® “i-ted. 

blood hpmn' 1 rc ^ pigment elimination increases, while the 
mL T? percentage falls immediately following the in- 
• The excess bile pigment above the fore level averages 155 
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mg. a day wliidi is equivalent to 4 gm. of hemoglobin. During the 
experimental period there was a drop in hemoglobin from 121 per cent 
to 80 per cent, which is equivalent to a loss of 44 gm. of circulating 


TABLE 22 


A cetyl Phenylhydrazine Blood Destruction and Bile Figment Output 
Dog 3 1-267. 


Date o 

BUe pigment 
output per 

24 hrs. 

Hb. level 

TJrine-bile 

collected 

24 hrs. 

Weight 

Amount 

hydraAie 

injected 

mz 


per cent 

cc. 


TT.S. 

Oct. 16 

125 


510 



17 

138 


430 

13 


18 

105 


660 



19 

127 


495 

13.2 


20 

127 

121 

490 

1 


21 

158 


640 

13.2 


22 

112 


720 



23 

96 


600 


140 • 

24 

272 


330 

13.3 


25 

191 


720 



26 

160 


400 

13.2 


27 

229 

104 

510 



28 

167 


890 

13.2 

150 

29 

259 


450 



30 

359 


500 



31 

309 


610 

13.1 


Nov. 1 

261 


540 



2 

283 

87 

500 

13.1 


3 

191 


590 



4 

392 


450 

13.1 

150 

5 

304 


570 



6 

370 


490 



7 

467 


450 

13.2 


8 

263 


750 



9 

256 

80 

470 

13.2 



Diet = 250 gm. salmon bread — food consumption 100 per cent. 
75 gm. salmon. 

30 gm. Klim. 


hemoglobin. (The blood volume of the animal was 952 cc.) 44 gm 
of destroyed hemoglobin, theoretically, would cause 1760 mg. of bile 
■pigment above the fore level to be eliminated. The actual recovery 
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was 2790 mg. or 1030 mg. in excess of the expected amount. Such 
excess bile pigment elimination is quite similar to that found in the 
Bartonella dogs. 

Table 23 is constructed similarly to Table 21, and illustrates the 
results of continued injections of acetyl phenylhydrazine over com- 
paratively long periods of time. The average dose of the drug was 
100 mg. injected subcutaneously every day or two. In the first part 

TABLE 23 

Pigment Surplus with Hydrazine Blood Destruction in Bile Fistula 


Dog 31-267. Basal bile pigment output 66 mg. per day. 


Days of 
experiment 

Total bile pigment 
output 

Blood Hb. level 

Pijnncnt lost gm. 
Hb. equivalent 

Pigment 
gained 
gm. Hb. 
equiva- 
lent 

Pigment 
surplus 
gm. Hb. 
equK’a- 
lent 

Hj'dra* 

zinc 

amount 

injected 

Total 

Above 

control 

Ex- 
pressed 
as Hb. 

Start 

End 

In 

urine 

From 

blood 

In 

blood 


fns. 

ms* 

£W. 

per cent 

percent 




sm* 

gm. 

36 

5,464 


77 

128 

94 

77 

44 


33 

0.24 

21 

1,383 

HB 


94 

129 



45 

45 

0 

23 

5,985 

4,467 

no 

104 

85 


39 


72 

0.60 

7 

1,400 

938 

23 

85 

SO 


7 


16 

0.20 

8 


1,581 

40 

80 

94 



19 

59 

0 

21 

6,817 

5,431 

135 

94 

53 

135 

54 


81 

0.78 

17 

1,757 

635 

16 

53 

86 

16 


43 

59 

0 

31 

mmm 

5,474 

137 

82 

46 

137 

47 


90 

1.5 

21 


4,290 

107 

46 

57 

107 


14 

121 

1.0 

35 

11,784 

9,474 

237 

57 

59 

237 



237 

2.8 

21 

2,723 

1,337 

33 

59 

106 

33 


62 

95 

0 

241 

52,618 

36,712 

915 

■ 

■ 

915 

191 

183 

90S 


Per day 

218 



■ 

■ 




3.7 



of the experiment a few larger doses of 200-300 mg. were injected but 
they caused too rapid hemolysis of blood and the dog became upset 
and consumed only portions of its food. 

Comparison of the two tables shows that the pigmentary changes 
are similar. Again there is no direct relation between the amounts of 
bile pigment and changes in the hemoglobin level. During the e.x- 
perimental period of 241 days the dog eliminated 36,712 mg. of bile 
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pigment in excess wliidi is equivalent to 915 gm. of hemoglobin. 
During this interval 191 gm. of hemoglobin were destroyed and 183 
gm. of new hemoglobin were formed as measured in the blood stream. 
The total excess of pigment formed amounts to 908 gm. expressed as 
hemoglobin equivalent or a daily average formation of 3.7 gm. of 
hemoglobin. 

In- those periods when no drug was injected the bile pigment 
elimination decreased and there was a rapid increase in the amount 
of circulating hemoglobin showing how readily the dog could rebuild 
hemoglobin from the conser\’'ed products of destroyed red cells. 
Undoubtedly new hemoglobin was being formed during the other 
periods but this fact cannot be brought out from simply measuring the 
amoimt of circulating hemoglobin. 

DISCUSSION 

Hemoglobin prodnetion holds the spotlight in this paper and interest- 
ing possibilities suggest themselves to explain the observed facts. 
During active cycles of red cell destruction (Bartonella) these bile 
fistula splenectomized dogs will produce over 5 gm. of new hemoglobin 
per day or a total of 140 gm. per 2 weeks. In simple anemia dogs this 
large hemoglobin output (9) can be attained only by a very favorable 
diet intake (liver plus iron). On the standard basal ration (salmon 
bread) in simple anemia dogs we expect 5-10 gm. hemoglobin output 
per 2 weeks. The splenectomized bile fistula dogs are fed this basal 
ration. 

At present the most satisfactory explanation is that the hemoglobin 
released from destroyed cells is promptly split with escape of the 
PlTTol aggregate (four pyrrol rings) as bile pigment and the globin 
fraction is recaptured or turned over to form promptly the new hemo- 
globin for the red cells in the marrow. The iron presumably goes 
along alone or with the globin to the make-up of this new hemoglobin. 
If one is not wholly satisfied with the preceding explanation it may 
0 argued that not all of the bile pigment comes from hemoglobin but 
at some of the pyrrol aggregate formed within the body is turned 
^ pigment. In any case it must be admitted that the 

y can supply a large surplus of pyrrol aggregate whether it is all 
up into new hemoglobin or some of it is shunted directly into 
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bile pigment. There are some experimental data which support this 
last proposal. 

Destruction of blood by phenjdhydrazine in vivo gives a picture 
much like Bartonella blood destruction. It is of similar character 
but the new hemoglobin output is distinctly less in the hydrazine ex- 
periment cited above (Table 23). However we have reported (4) 
Bartonella experiments of onlj’- moderate severity which show an 
identical picture. More severe blood destruction could be induced by 
hydrazine but the dogs would be sick and refuse food which introduces 
a confusing factor. The hydrazine experiments support tlie argument 
that all or the great bulk of the bile pigment in these experiments 
comes from hemoglobin. 

It is obvious that under the conditions of these experiments, the 
amount of hemoglobin turnover in the body at any one time cannot 
be estimated by studies of the blood alone. The ordinary metliods 
for blood hemoglobin determination show the total increase or de- 
crease of this substance in a given time. In the absence of more than 
normal rates of blood destruction in vivo, or in removal of blood from 
the circulation, such methods offer a satisfactory basis for estimating 
hemoglobin regeneration. In the presence of excessive blood destruc- 
tion, however, no accurate idea of the actual amount of pigment 
turnover can be secured by these methods alone. Under such con- 
ditions, hemoglobin may be built up so rapidly, that although com- 
paratively large amounts are destroyed, the blood hemoglobin level 
in a given interval may show only a slight drop or even an actual 
rise. In such cases, the estimation of the amount of bile pigment 
eliminated is of great value. 

Other observed facts which are related to this debate should be 
mentioned. In this laboratory it has been found that in standard 
anemic dogs hemoglobin introduced intravenously wiU be quanti- 
tatively returned as new hemoglobin in new red cells. This reaction 
follows whetlier we use dog or sheep or goose hemoglobin in anemic 
dogs (8). In the normal healthy bile fistula dog hemoglobin intro- 
duced intravenously results usually in quantitative appearance (7) of 
bile pigment in the proportion of 1 gm. hemoglobin = 40 mg. bile 
pigment. But in the anemic bile fistula dog (1) hemoglobin given 
intravenously results in an apparent paradox. There is a quanti- 
tative recovery of the hemoglobin whicli appears as new hemoglobin 
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which permits of but little new hemoglobin production in standard 
anemic dogs. 

When hemoglobin formation and hemoglobin destruction are oc- 
curring rapidly and simultaneously, estimations of the percentage of 
circulating hemoglobin alone, though showing the eventual total in- 
crease or decrease of this substance, do not permit one to determine 
the actual amounts formed or destroyed. 

It is suggested that the body can produce readily a large amount of 
the pyrrol aggregate (four pyrrol rings) which may go to form new 
hemoglobin. At the same time tlie globin is probably saved from 
destroyed red cells and turned over into new hemoglobin for new^ red 
cells. 

It is certain that globin may be a determining factor under certain 
circumstances in the construction of new hemoglobin for new red cells. 
Our knowledge about the construction and internal metabolism of 
globin is extraordinarily limited. 
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which permits of but little new hemoglobin production in standard 
anemic dogs. 

Wlien hemoglobin formation and hemoglobin destruction are oc- 
curring rapidly and simultaneously, estimations of the percentage of 
circulating hemoglobin alone, tliough showing the eventual total in- 
crease or decrease of this substance, do not permit one to determine 
the actual amounts formed or destroyed. 

It is suggested that the body can produce readily a large amount of 
the pyrrol aggregate (four pyrrol rings) which may go to form new 
hemoglobin. At the same time the globin is probably saved from 
destroyed red cells and turned over into new hemoglobin for new red 
cells. 

It is certain that globin may be a determining factor under certain 
circumstances in the construction of new hemoglobin for new red cells. 
Our knowledge about the construction and internal metabolism of 
globin is extraordinarily limited. 

BIBLIOGRAPHY 

1. Hawkins, W. B., Sribhishaj, K., Robsclieit-Robbins, F. S., and Whipple, 

G. H., Am. J. Physiol., 1931, 96, 463. 

2. Hooper, C. W., Belt, A. E., Smith, H. P., and Wliipple, G. H., Ajm. J. Physiol., 

1920, 61, 205. 

3. Kapsinow, R., Engle, L. P., and Harvey, S. C., Svrg., Gyncc., and Obsl., 1924, 

39, 62. 

4. Queen, F. B., Hawkins, W. B., and WTiipple, G. H., J. Exp. Med., 1933, 

67, 399. 

5. Robscheit, F. S., J. Biol. Chcm., 1920, 41, 209. 

6. Rous, P., and McMaster, P. D., J. Exp. Med., 1921, 34, 47. 

7. Sribhishaj, K., Hawkins, W. B., and Whipple, G. H., Am. J. Physiol., 1931, 

96, 449. 

8. Taylor, G. B., Manwell, E. J., Robscheit-Robbins, F..S., and Whipple, G. H., 

Am. J. Physiol., 1931, 92, 408. 

9. Whipple, G. H., Am. J. Med. Sc., 1928, 176, 721. 

10. Whipple, G. H., and Robsclieit-Robbins, F. S., Am. J. Physiol., 1925, 72, 

395. 



1111 ! l ^ 

8 10 12 14 15 13 20 22 24 ^^^ 3 '’ 


«CCJV= 

r n rr 1 'Jnlcnectomv and the blacli tonguc-pro- 
'ext-Fig. 1 . Changes in blood levels of D J unifonnly present v.hen 

ing diet were combined in this instarice. • corpuscular volume, 

anemia was pronounced. C.I., color mdea. M.C.^ ., mean c p 



140 


BARTONELLA BODIES AND INDUCED ANEMIA 


extended by Marmorston-Goltesman and Perla (7). They were able to isolate 
Barloiidla bodies in pure culture from the blood of splenectomizcd rats with 
Bartonella mnris anemia, and could cause anemia in other animals by infection 
with these cultures. They concluded that the adult rat is frcquentlj’- a carrier of 
the bodies, although they only appear following splenectomy. These same 
workers showed that autoplastic splenic transplants protected against the develop- 
ment of anemia, and that lipoid extracts of the spleen were also effective. 

Kiliuth (8) gave the first description of Bartonella infection in dogs. In a 
splenectomizpd dog infected with Piroplasma cams, Bartonclla-Wke bodies appeared 
in the blood stream after 6 daj's. The infection could be transferred to uninfected 
splenectomized dogs. A chronic tj'pe of disease with sharp increases in the 
number of organisms at regular intervals was described, as well as an acute form 
followed by death in about 2 weeks. The organisms could not be cultured, but 
the infection could be cured with salvarsan. 

Appearance of Bartonella Bodies in Splenectomized Dogs Fed a Diet 

Prodneing Black Tongue 

The Bartonella bodies of the present observations were first seen in 
a female terrier weighing 13.7 kilos, which had been splenectomized 
and fed the modified Goldberger black tongue-producing diet de- 
scribed by Rhoads and Miller (9). During 6 months, a slowly pro- 
gressive anemia developed. At the end of that period anemia of 
severe degree appeared suddenly, the number of erythrocytes dropped 
to below 1,000,000 per c.mm., and the hemoglobin to 15 per cent. 
Examination of Wright-stained smears of the blood showed a large 
number of oval to round basophilic bodies present in and on the 
erythrocytes and free in the plasma. These bodies were morpho- 
logically strikingly similar to the Bartonella bodies occurring in 
splenectomized rats. When 200 gm. of lean beef were fed daily, a 
treatment known to be prophylactic against the effect of the diet in 
producing black tongue, an increase in reticulocytes occurred followed 
by a marked rise in the numbers of erythrocytes and in the hemo- 
globin values. During this remission the Bartonella bodies were only 
rarely demonstrable in the circulating blood. When the meat sup- 
plement to the diet was discontinued, however, a marked exacerbation 
of the anemia followed, during winch the Bartonella bodies were once 
more present in great profusion. In Text-fig. 1 are shown graphically 
the exacerbations of the anemia followed by remissions induced by 
meat feeding and associated wdth sharp increases in the number of 
reticulocytes. 
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The disease course of tliis animal was typical of that of four others 
splenectomized and fed tlie diet producing black tongue. A long 
period of diet feeding was followed by a precipitous drop in blood 
levels with the appearance of BarlojiclJa bodies in the blood stream. 
Remissions, preceded by reticulocyte crisis, and followed by a marked 
decrease of the numbers of tlie BartoncUa bodies, followed the feeding 
of lean beef as a supplement to the diet. 

Transmission of Bartonella Bodies to Splenectomized Dogs Fed the 

Black Tongue Diet 

The association of the presence of the Bartonella bodies with anemia 
in Experiment 1 suggested an attempt to transmit the conditions to 
other dogs. Two animals were splenectomized and fed the diet 
producing black tongue. They were immediately injected intrave- 
nously with 3 cc. of citrated anemic blood containing Bartoticlla bodies. 
The inoculation was repeated three times at 3 day inters^als. The 
changes in the blood levels of one such dog are presented in Table I. 
A progressive fall in the number of erythrocytes and the percentage of 
hemoglobin resulted. Wlien the animal was treated with lean beef 
there was a rise in the number of reticulocytes and an increase of the 
blood values. Bartonella-like bodies were present in large numbers at 
the height of the anemia and became fewer as improvement took place. 
They eventually disappeared entirely. The course of the disease in 
these two dogs was similar in all respects to tliat observed in Experi- 
ment 1, and resembled in many details the anemia associated with 
Bartonella bodies in other animal species. The rapidit}'- of the fall of 
blood levels precludes the possibility that the anemia resulted from 
the splenectomy and black tongue diet alone. Furthermore, the 
results of the next experiment serve as controls on the spontaneous 
appearance of the jBar/owcZ/ff bodies. 

Transmission of the Bartonella Bodies to Splenectomized Dogs Fed a 

Normal Diet 

Since in Experiments 1 and 2 variables were present, one an inade- 
quate diet and the other the removal of the spleen, it was deemed 
desirable to ascertain which factor allowed the Bartonella bodies to 
develop. It was found possible to cause a profound and fatal anemia 
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of similar bodies, and, also, anemia in splencctomized dogs fed a diet 
causative of black tongue. Moreover, the previous experiment was 
evidence tliat the diet feeding was not necessar}'- to allow the develop- 
ment of the transmitted disease, since splenectomy alone was sufficient 


TABLE II 
Dog 3 


Date 

Erytlirocj'tcs 
per c.mm. 

Hemoglobin 

Lcukoc>’tcs 
per c.mm. 

Bartonella bodies 

1933 

Mar. 9 


per cent 

95 


None 

]\Iar. 20 


SI 


None 

Mar. 27 

6.07 

81 


None 

Apr. 4 

3.60 

54 

13,250 

Few 

Apr. 10 

1.02 

13 


Enormous number 

Apr. 13 

1.17 

22 


Enormous number 

Apr. 16 

0.64 

10 


Enormous number 

Apr. 21 

0.70 

11 


Enormous number 


TABLE in 
Dog 4 


Date 

Erythrocytes 
per c.mm. 

Hemoglobin 

Leukocytes 
per c.mm. 

Bartonella bodies 

1933 

viillions 

per cent 



Feb. 22 

3 cc. of blood from Dog 1 containing many Bar/oucffa-like bodies 



injected intravenously 



493 

70 

22,900 

None 

Mar. 6 

474 

71 

10,400 

None 

Mar. 13 

437 

65 

— 

None 

Mar. 21 

481 

61 

14,000 

None 

Mar. 27 

417 

59 

13,850 

None 

Apr. 4 

371 

50 

20,800 

None 

Apr. 10 

329 

44 

14,700 

None 

Apr. 13 

292 

44 

13,400 

None 

Apr. 17 

277 

46 

13,700 

None 


to allow the effect to occur. It was desirable to ascertain next whether 
the diet, without splenectomy, was sufficient to allow the proliferation 
of the bodies in the blood stream. To answer tins question, two dogs 
whicli were fed tlie diet producing black tongue, but which had not 
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of similar bodies, and, also, anemia in splenectomized dogs fed a diet 
causative of black tongue. Moreover, the previous experiment was 
evidence that the diet feeding was not necessary to allow the develop- 
ment of the transmitted disease, since splenectomy alone was sufficient 


TABLE II 
Dog 3 


Date 

Erythrocytes 
per c.mm. 

Hemoglobin 

Leukocytes 
per c.mm. 

DartoncUa bodies 

1933 

Mar. 9 


per cent 

95 

6,800 

None 

]Mar. 20 


81 

29,200 

None 

Mar. 27 

6.07 

81 


None 

Apr. 4 

3.60 

54 

13,250 

Few 

Apr. 10 

1.02 

13 


Enormous number 

Apr. 13 

1.17 

22 


Enormous number 

Apr. 16 

0.64 

10 


Enormous number 

Apr. 21 

0.70 

11 

30,100 

Enormous number 


TABLE III 


Dog 4 


Date 

Erythrocytes 
per c.min. 

Hemoglobin 

Leukocytes 
per c.mm. 

Barlonella bodies 

1933 

millions 

per eenl 



Feb. 22 

3 cc. of blood from Dog 1 containing many Barfoitclla-like bodies 



injected intravenously 



493 

70 

22,900 

None 

Mar. 6 

474 

71 

10,400 

None 

Mar. 13 

437 

65 

— 

None 

Mar. 21 

481 

61 

14,000 

None 

Mar. 27 

417 

59 

13,850 

None 

Apr. 4 

371 

50 

20,800 

None 

Apr. 10 

329 

44 

14,700 

None 

Apr. 13 

292 

44 

13,400 

None 

Apr. 17 

277 

46 

13,700 

None 


to allow the effect to occur. It was desirable to ascertain next whether 
the diet, without splenectomy, was sufficient to allow the proliferation 
of the bodies in the blood stream. To answer tliis question, two dogs 
which were fed the diet producing black tongue, but which had not 
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free. They are round to oval in shape and measure from 0.2 to 0.4 
micron in width. The long forms may attain a lengtli of 6 microns, 
but it is impossible to state whetlier these are single organisms or 
chains of smaller forms. Bent forms are frequently present. The 
longer bodies frequently show a regular indentation of the lateral 
border, giving the appearance of chains of smaller bodies. This is not 
always tlie case, however, since perfectly straight sided forms have 
been observed. The bodies do not stain with gentian violet when 
stained by Gram’s metliod and when studied by dark-field illumina- 
tion they are actively motile. 

DISCUSSION 

The experiments reported suggest the conclusion that both the diet 
producing black tongue and splenectomy favor the appearance 
of anemia together with Bartonella bodies in the blood of the dog. 
Neither procedure alone has resulted in this association. If blood 
containing the bodies is injected into splenectomized animals fed 
either a good or a deficient diet, anemia develops and the bodies appear 
in great number. This did not occur in any dog from which the spleen 
had not been removed. It is conceivable that the black tongue 
diet reduced the natural defense, which had already been lowered by 
splenectomy, almost to the threshold at which the Bartonella bodies 
appear. 

From the morphologic resemblance between the bodies seen in the 
blood of the animals reported in this communication, and tliose 
reported by Kikuth in the dog and termed Bartonella cams, the con- 
clusion is unavoidable that they are the same. This is borne out by 
the similarity of the associated blood dyscrasia. 

The fact that the administration of lean beef, a substance known to 
be preventive of the symptoms which result from the diet feeding, was 
followed by increases in the number of reticulocytes and improvement 
of the blood levels, is of particular interest, since it provides evidence 
that the diet feeding was in part, at least, causative of the hemato- 
logical disorder. From the studies of Goldberger and his coworkers, 
it has been assumed that beef is potent in preventing the patliological 
manifestations resulting from tlie diet feeding because of its content of 
vitamin Bo (G) — a vitamin wliich may be defined as that heat-stable 
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EXPLANATION OF PLATE 4 

Fig. 1. Photomicrograph of a smear of the blood of Dog 1 taken at the height 
of the anemia. Manj' Bartouella bodies are present. The large dark areas arc 
masses of platelets. Wright’s stain. X 1500. 
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STUDIES ON ANAPHYLAXIS T\TTH POLLEN 

Bv CLARENCE BERNSTEIN, Jr., M.D. 

{From the Department of Medicine, Section of Allergy, The University of Chicago, 

Chicago} 

(Received for publication, November 5, 1934) 

Many fundamental questions regarding immunobiological reactions 
are as yet unansrvered. However, certain working principles have 
been reached through long observation and research, and the terms 
foreign protein reactions, complement, precipitins, antibodies, ana- 
phylaxis, etc., have acquired definite and specific significance. At- 
tempts have been made to fit these concepts to clinically observ^ed 
phenomena, but to date the so called pollen sensitizations have never 
been satisfactorily elucidated on an immunological basis. Many ob- 
servers have noted the wide variations in the clinical results of 
therapy. Others have questioned the expectation of any significant 
effects from the injection of so little real protein in desensitization 
and have found it difficult to correlate this desensitization and clini- 
cal improvement with a skin test persistently positive to the specific 
atopic agent. The apparent inability to obliterate these hypersen- 
sitivities, as weU as their frequent multiplicity are problems as yet 
unexplained. 

Efforts at solving these problems have resolved themselves into 
(a) attempts to sensitize animals and reproduce the sj-ndrome ob- 
serv'ed in human beings (1); (i>) the study of Dale preparations of 
uterine strips taken from sensitized guinea pigs (2); (c) efforts to 
sensitize animals by upper air passage or intratracheal insufflation (1) ; 
(d) the investigation of serum reagins b}’ Prausnitz-Kustner reaction 
and by precipitin tests (3) ; (e) studies of results of therapy in clinical 
cases of atopic hj-persensitiveness (4). These investigations are well 
known to readers of the literature on the subject. As with all bio- 
logical c.xpcriments the results have been inconstant, or the methods 
introduced elements into the problem not germane to the investigation 
at hand. 
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These and many otlier considerations led us to inquire into tlie 
possible mechanisms involved. What substances in the realm of 
immunological reagents might reproduce such a series of phenomena? 
Landsteiner and van der Scheer (5), Avery and Goebel (6, 7), and 
otliers, following Landsteiner’s original hapten concept, investigated 
the properties of certain synthesized antigens. They found that the 
antigen was essential!}'’ dual in structure, a larger portion possessing 
antigenicity, and a smaller, prosthetic portion (hapten), specificity. 
The union between these two was not close; there was eitlier a loose 
chemical bond, or a simple colloidochemical linkage. The specific 
hapten portion, when united with either antigenic nucleus (or hapto- 
phore group), was capable of calling fortli the specific response, 
whereas the hapten portion alone, wliile it could elicit a positive skin 
reaction (e.g. the pneumococcus specific soluble carbohydrate), ac- 
tually inhibited the union of antigen and antibody in vilro. 

It is possible that the mechanism involved in atopic h}q)ersensitivity 
represents just such a hapten-like action, rather than the tacitly 
assumed, firmer union of true antigen-antibody complex. Certainly 
atopens as a rule are protein-poor substances; they elicit cutaneous 
evidence of sensitivity, but in general are ineffective in calling out 
demonstrable precipitins. However, they give a positive passive 
transfer phenomenon. Landsteiner has shown tliat these haptens 
may be carbohydrates, lipoids, or relatively much smaller proteins. 
Does some such non-specific antigen produce the allergic state re- 
ferred to as underlying sensitivity, or antibody unsaturation, or proto- 
plasmic instability (8) ? Or shaU we be content to accept it as some 
cliange (Kahn (9)) which is “rooted in the biologic and physico- 
chemical structure of the chromosomes”? 

It was felt that an experiment might be planned which would tlirow 
some light on a few of these questions. Various proteins were em- 
ployed as basic sensitizers, always using a 1:25 e.xtract of burweed 
marsh-elder (Jva) as the superimposed atopen. Experiments were 
done on several series of guinea pigs: one ■n'ith veal broth; two ■with egg 
white; and one (the present), with horse serum. Tliis last was found 
to give the most consistent and clear-cut results. We report in detail 
the final series which constitutes a representative study. 
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extract {Iva xanthifoUa), at 4 day intervals. At the same time twelve normal 
guinea pigs were injected with three inoculations (0.4 cc.) of equal parts of horse 
serum and pollen extract (Group A), and a fourth group (Group C) of sLx animals 
were sensitized by injections of horse serum alone (0.4 cc.). 3 weeks after the 
final inoculation the precipitins for pollen extract and for horse serum were in- 
vestigated, and the anaph 3 dactic response to these substances studied. These 
are set forth in Table I. 

As shown in the table, marked differences were obtained between 
the several groups of animals, most notably in their response to the 
test of anaphylaxis. All the guinea pigs of Groups A and Bo which 
had received both horse serum and pollen, reacted to intravenous 
pollen extract witli moderate to severe anaphylaxis. One such ani- 
mal, No. 1-3, was shocked fatally (4-j-), and only one. No. 1-2, showed 
a negative response, having received only half the regular shock dose 
(or 0.2 cc.). 

In Group B (animals prepared with poUen extract alone), ana- 
phylaxis to pollen extract could not be demonstrated, even though in 
one instance the intravenous dose was doubled. It might be pointed 
out that the absolute amount of pollen extract given in the preliminary 
injections in this group was actually twice that received by animals 
of Group A. 

Anaphylaxis to horse serum was almost uniformly severe in Groups 
A, Bo, and C. One animal. No. 9-1, showed only a mild reaction. 
Group B pigs were quite negative to intravenous horse serum on 
several trials, and poUen extract educed no response in the animals 
sensitive to horse serum alone (Group C). 

The skin tests in all groups of this series were inconclusive. How- 
ever, in the three previous series, at a similar date the skin reaction to 
pollen extract intracutaneously was by objective measurement defi- 
nitely greater in the Group A animals than in those of Group B. 
There were no Group Bo pigs in the earlier experiments. 

Precipitin tests in all four series were carried out in the manner de- 
scribed by Hektoen, The results were not sufficiently conclusive to 
permit any inferences. They are reported, however, as a matter of 
possible investigative interest. 

DISCUSSION 

By means of the above and similar experiments we have shown 
that in the presence of an underlying sensitization, a substance not in 
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itself capable of sensitizing can induce the hypersensitive state, and, 
when properly administered, produce anaphylactic shock. Hektoen 
(10) and Parker (11) have both done similar experiments but reported 
no tests on the anaphylactic response. 

Rothschild, Friedenwald, and Bernstein (12), working on desen- 
sitization of tuberculin-sensitive guinea pigs (sensitized by inoculation 
with avirulent strain of Koch’s bacillus), found that Koch’s old tuber- 
culin (O.T.) in suitable doses could produce complete desensitization 
by all the criteria they were able to apply. The}’- found also that the 
broth control produced almost as complete a desensitization, whereas 
a tuberculoprotein (Seibert) of equal skin test potency produced very 
little diminution in sensitivity. The difference apparently lay in the 
beef protein content of the O.T. This finding suggests tlie important 
r6le that non-specific immunological reactions may play in the evolu- 
tion and subsequent course of the allergic state. In tliis connection 
may be mentioned the frequent improvement noted in patients with 
allergic disease during acute infections, and following vaccines and 
non-specific protein therapy. 

How closely this experimentally induced condition approximates 
the actual clinicoimmunologic mechanism can only be surmised. 
Further work along tliese lines is being undertaken witli a view to 
clinical application. 


SUMMARY AND CONCLUSIONS 

1. Guinea pigs injfected intracutaneously and subcutaneously with 
extract of the pollen of burweed marsh-elder in relatively small 
amounts did not show anaphylactic response to intravenous shock 
doses of this material 3 weeks later. 

2. If, however, the animals were sensitized with horse serum either 
before, or along witli the same pollen injections, they could tlien be 
shocked after an interval of 3 weeks with poUen extract alone. 

3. The possible role of tliis underlying sensitivity is discussed. 

The author wishes to express his appreciation of the helpful criticism 
given by Dr. 0. H. Robertson. 
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capacity of the kidneys, which Chabanier (10), Glass (8), Meyer (11), 
and others had observed to decrease with the low serum chloride, 
is used to support the belief in the etiological relationship between 
chloride level and nitrogen retention. 

Against this view may be cited (see Table III) various conditions 
produced experimentally or by disease in whicli an apparently non- 
nephritic azotemia exists in the presence of a normal or even a mucli 
elevated plasma chloride and, conversely, in which large reductions 
of plasma cliloride unaccompanied by nitrogen retention are found. 
The Blum theory rests almost entirely on measurements of chloride 
and non-protein nitrogen levels in the plasma. Further and more 
comprehensive study of water and electrolyte metabolism in relation 
to impaired nitrogen excretion is therefore desirable. We have ac- 
cordingly undertaken to repeat Gruenwald’s (1) experiment with the 
purpose of simultaneously foUoiving the metabolism of sodium, 
potassium, chloride, nitrogen, and water and the changes in the serum 
concentrations of these substances. 

Methods 

Rabbits weighing between 1730 and 2230 gm. were used. In the earlier e.xperi- 
ments the animals were fed according to Gruenwald’s (1) original procedure with 
maize, ground and washed thoroughly with distilled water to reduce the salt 
content. Since little of this ration was taken, the animals in later experiments 
were fasted. Every day or, in some instances, everj' other day, 0.5 gm. of diuretin 
per kilo of body weight, dissolved in distilled water, was administered with a 
stomach tube. The animals had free access to water, the amount taken being 
accurately measured. All blood samples were drawn from the ear veins 24 hours 
after the preceding administration of water, diuretin, or salt. Care was taken to 
avoid e.xcitement or movement of the animals as exercise of only short duration 
has been shown to depress the bicarbonate arid cause considerable rise in the fixed 
base content of the blood serum (Csapo and Kerpel-Fronius (12)). 

The urine was collected in 24 hour specimens under toluene, the bladder being 
emptied by careful manual pressure at the end of each collection period. The 
analytical methods were as follows: sodium in blood serum and urine according 
to Butler and Tuthill (13); potassium according to Fiske (14); chloride by Fiske 
and Lin (15); bicarbonate, manometrically (16); N.P.N. colorimetricall}^ with 
Nesslerization; and total protein and nitrogen by the Kjeldahl method. 

EXPERIMENTAL RESULTS 

Fig. 1 presents for each of five fasting animals over 9 day periods the total, not 
daily, amount of sodium, potassium, and chloride excreted in the urine above the 
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loss attributable to dehydration is markedly greater in the diuretin 
experiments, being the greatest in Experiment 3 where the sum of 

i350 



EXR 12345 12345 12345 12345 

SODIUM POTASSIUM CHLORIDE WEIGHT 


Fig. 1. Urinary excretions of sodium, potassium, and chloride above amount of 
each ingested and weight losses of fasting animals over a 9 da}’’ period. Darkened 
portion of each weight column represents weight losses attributable to protoplasm 
destruction as calculated from urinary nitrogen excretion. E.xperiments 1 and 2, 
fasting controls. E.xperiment 3, fasting rabbit receiving diuretin. E.xperiment 4, 
fasting rabbit receiving diuretin plus forced water. E.xperiment 5, fasting rabbit 
receiving diuretin plus saline. 

sodium plus potassium loss is largest. The markedly low^er deltydra- 
tion weight loss in Experiment 4 as compared to Experiment 3 is 
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daily stomach tube 150 to 200 cc. of distilled water in a single administration. 
The animals in both experiments had free access to water and the amounts taken 
were recorded. 


From the results of Experiment 8 one observes a steady decline in 
weight and an approximately uniform relation between water intake 
and urine volume up to the last 3 hours of the experiment. In Ex- 



EXR 1267 1267 1267 1267 


SODIUM POTASSIUM CHLORIDE WEIGHT 

Fig. 2. Urinary excretions and weight losses, as described for Fig. 1, over a 5 
day period. Experiments 1 and 2, fasting controls. E.xperiment 6, fastingrabbit 
receiving diuretin. Experiment 7, fasting rabbit receiving diuretin plus saline. 

periment 4 there is a marked irregularity in the weight curve which is 
coincident with the marked irregularity in water intake-urine volume 
relationship. It is evident from the data that this results from the 
large difference between water intake and urine volume on the diuretin- 
free days and the large water diureses on the diuretin days. The 
data of the last day represent the 3 hours preceding death. 

The serum concentrations found in Experiment 4, representing 



EDMOND KERPEL-PRONIDS AND ALLAN ii. BUTLER 


•163 


WEIGHT •— 
URINE N9- 


SODIOM O O 

PROTEIN O O 


CHLORIDE • 

N.P.N. o o 


1500 130 • 

(£ 

MOOl- tl20 • 





Slio IGOrge 
? z ^ 

= '00- y 135 1^5 

■» o 

5 CS K 
bj Q. 

o 90 ^110 Z 
<3 Z C 

4 ' bj 

‘ 80 z 85 ” 

3 n; 

z 

5 70 iso 


f 

I 

/ 

t 

I 

o 


"Oy 0 N 
V \ 


\ / \ 
__lV: 0 - 5 : 


'« . 


UJ 

iiii 

S £ o I 


-20o[£ 


DAY 

OIURETIN 



3 4 5 6 7 

X X 

E3CPERIMENT 8 



3 4 5 6 7 

* X 

E3CPERIUEH7 4 


8 * X 

Fin ^ T7— • — experiment 4 

•5. fasting rabb rrSt™ diuretin and irater as desired. E.-eperiment 

^wsle daily doses. ’ 200 cc. of additional Lter in 


164 


SALT AND WATER LOSSES IN DIURETIN DIURESIS 


anatyses of serum drawn 24 hours after the last administration of 
water, reflect the disturbance in water balance. For the first 5 days 
there was a large fall in serum concentrations as compared to those 
recorded from Experiment 8. The changes in serum sodium concen- 
trations over the remainder of the experiment show an inverse relation 
between water retention and sodium concentration in spite of a large 
loss of sodium in the urine on tlie diuretin days. In so far as serum 
protein and chloride determinations are available, they confirm this 
effect of excessive water retention on serum concentrations. The fall 
in serum sodium and cliloride concentrations on the last day of Ex- 
periment 8 reflects a similar influence of retained water. Until tliis 
last day of the experiment the loss of sodium and chloride incident to 
tlie diuretin is accompanied by water to such extent as results in but 
slight clianges in serum concentration values as compared vdth those 
found in Experiment 4. 

The failure of the total nitrogen excretion in Experiment 8 to in- 
crease in the presence of marked increase in serum N. P. N., we feel, 
reflects a diminution in the efficiency of kidney function as measured 
by nitrogen clearance. This deduction seems permissible on the basis 
of total nitrogen excretion, instead of the preferable non-protein 
nitrogen excretion, because it may be assumed that the protein nitro- 
gen in the urine would tend to increase during the course of the ex- 
periment. Hence an error introduced by using total nitrogen ex- 
cretion will increase and not decrease nitrogen clearance. Throughout 
the course of Experiment 4 the N. P. N. remained approximately 
constant and tliere is no significant divergence between nitrogen 
retention and excretion. 

Thus the data from Experiments 8 and 4 contradict the existence 
of a direct relationship between hypochloremia and azotemia. 

Table I presents data from other experiments whicli confirm the 
findings presented in Fig. 3. The data from Experiment 11 (Table I) 
particularly confirm the findings presented from Experiment 4 and 
discussed above. In this experiment, in which tlie animal was maize- 
fed, dehydration was minimal, as reflected by the small weight loss 
and excessive fall in serum concentrations, and no rise in N. P. N. 
occurred. The data further show that the degree of azotemia in the 
presence of similar dehydration is inversely proportional to the urine 
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volume; see Experiments 10, 3, cand 6, Table I, and Experiment S, 
Fig. 3. In other words the relationship of azotemia to the limitation 
of urine volume by dehydration is dearly indicated. 

Table II presents data from the control experiments on fasting 
animals and fasting animals given diuretin and simultaneously salt 
solution. The spontaneous water intake of the fasting controls shows 
that the water given in the forced fluid experiments Avas not excessive, 
whereas the spontaneous w^ater intake of the diuretin experiments 
without forced fluid was in the diuretin-free intervals rather low. No 
significant blood changes occurred either in the fasting controls or in 


TABLE u 

Average Daily Water Intake, Urine Volume, and Serum Concentrations at Beginning 

and End of Experiments 


Experi- 

ment 

No. 

Regime 

Water 

intake 

Urine 

volume 

B 

Cl 

HCO, 

N.P.N. 

Day of 
c-xperi- 
ment 



cc, \ 

ec. 

tn.-eq» 





1 

Fasting 

178 

144 

BB 

no 

20 

32 

1 





la 

98 1 

19 1 

49 

9 

2 

Fasting 

136 

99 

1 

141 

107 

25 

32 

1 





138 

95 

23 

30 

9 

5 

Diuretin and salt 

229 

199 

144 

CO 

o 

23 

35 

' 1 





140 

100 

23 

35 

9 

7 

Diuretin and salt 

157 

145 

142 

97 


35 

1 





138 

99 


30 

5 


the controls given diuretin and salt solution. The metabolism data of 
these animals are presented in Fig. 1, Experiments 1, 2, and 5, and 
Fig. 2, Experiments 1, 2, and 7. 

DISCUSSION 

The experiments reported here, as well as confirming the witli- 
drawal of large amounts of chloride in the urine follondng the adminis- 
tration of diuretin, as reported by Gruenwald (1), also show a large 
withdraw^al of sodium and potassium incident to diuretin adminis- 
tration. The urinary losses of sodiiun and chloride in our experiments 
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Comparison of the sodium and potassium losses above that as- 
cribable to tissue loss which may be derived from the data shown in 
Figs. 1 and 2, with the dehydration portion of the corresponding weight 
losses, suggests not only the obsen^ed dilution of serum but also a 
dilution of tissue or intracellular potassium. The loss of sodium 
plus potassium in excess of the loss of water on the basis of their con- 
centrations respectively in extracellular and intracellular fluids is 
particularly strilcing in Experiment 4, Fig. 1, where forced water was 
given with the diuretin and where a marked fall in serum concen- 
trations was observed, Fig. 3. 


TABLE in 


Data lUuslraling a Lack of Direct Relation between Serum Electrolyte Concentrations 

and Azotemia 


Source 


Dog — ^^vithd^awal of pancreatic juice (29) 

Withdrawal of gastric juice (8) 

Same (8) 

Dog — adrenalectomized (28) 

Puppies — dehydrated by concentrated milk (26) . . . 

Puppies — carbohydrate-rich, salt-free diet (30) 

Infants — diarrheal dehydration (27) 

Same (27) 

Rabbit — diuretin (present paper) 

Same 


Total 

base 

Na 

Cl 

N.P.N. 

a 


m.-eq. 

m.-eq. 

per cent 

“C. 

160 


94 

200 





34 




53 

196 


144 

133 


185 


236 


160 

192 

0.95 

120 


67 

15 

0.41 

156 


104 

74 

0.57 

147 


91 

94 

0.55 


130 

90 

143 



101 

62 

42 

0.42 


The quantitative data with which a calculation of intracellular 
dilution in these experiments might be made are too rough to warrant 
an estimation. That such dilutions of intracellular potassium occur is 
confirmed by Goto’s (19) figures, which show not only a withdrawal of 
muscle potassium from acid-fed rabbits but also a 20 to 30 per cent 
reduction in the potassium concentration of muscle. 

Table III presents data from the literature (8, 30) confirming the 
lack of relation between azotemia and h 3 rpochloremia observed in our 
experiments. In dehydration coincident with the loss of approxi- 
mately equivalent amounts of base and chloride, such as follows the 
loss of salt by withdrawal of pancreatic juice (29) or intestinal secre- 
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maneiitly remove the underlying cause of the nitrogen retention, 
namely the dehydration. It is incidentally interesting that the results 
of Experiment 4 demonstrate, in agreement witli those of Darrow and 
Yannet (25), that the volume of the plasma may be defended at the 
expense of a fall in electrolyte concentrations in the presence of a 
presumably normal renal activity. 

Another interesting point in these experiments is the clinical picture 
of the animals preceding death. The paralysis of the extremities, 
wliich extends from below upwards and ascends until death appears, 
is described in detail by Gruenwald (1). Having ruled out a toxic 
effect of tire diuretin on the kidneys by histological examination and 
having been able to protect the animals from death by tlie simul- 
taneous administration of salt with the diuretin, which removed the 
hypocliloremia, Gruenwald was led to ascribe the final symptoms to 
hypocliloremia. In our experiments death in the usual manner oc- 
curred after the fifth dose of diuretin even when the serum chloride 
concentration was but slightly below normal and it also occurred in the 
case of a fasting animal given salt with each dose of diuretin. Since 
we observed that the maize intake of salt-supplied animals was two to 
three times that of animals given diuretin without salt, we suggest 
that death in the last mentioned experiment was due to the marked 
loss of potassium which probably did not occur in Gruenwald’s 
rabbits fed salt and maize. 


SUMMARY 

The losses of sodium, potassium, chloride, nitrogen, and water 
following the administration of diuretin to rabbits over 5 to 9 day 
periods together with the changes in serum concentrations of sodiiim, 
chloride, N. P. N., and total protein occurring simultaneously with 
these losses are described. 

The circumstances responsible for the presence of azotemia in the 
animals were investigated in particular and the dependence of nitrogen 
retention upon dehydration and the modification of this dependence 
by variation in urine volume were demonstrated. It was clearly 
shown that no direct relationship exists between the azotemia and the 
coincident hypocliloremia. It was found that nitrogen retention can 
be removed by the administration of water without salt, and the extent 
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to M-hidi serum electrolyte and protein concentrations can be lowered 
by this procedure was also observed. 

Tbe withdrawal from the body of large amoimts of potassium as 
well as of sodium and chloride following tbe administration of diuretin, 
and also the inefficacy of sodium chloride solution in preventing the 
potassium loss was demonstrated. 

We vish to acknowledge our indebtedness to Dr. James L. Gamble 
for advice throughout the work. 
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includes the work of Selling (7), Kline and Wintcrnitz (8), Weiskotten (9), 
Turlej’’ (10), and Kracke (11). All depended upon tlie administration of some 
aromatic compound, in most instances benzol, but occasionally such substances 
as phenobarbital or amidopyrine. In these experiments again, the combination 
of stomatitis and leucopenia was not obtained, although a well defined suppression 
of maturation of the mj'eloid elements of the bone marrow was established. 

The pathological changes in the bone marrow of human beings dying of acute 
agranulocytosis have been described b}' Schultz (12), Uffenorde (13), Dameshek 
(14), and Fitz-Hugh and his coworkers (15, 16). Widely varying degrees of 
cellularity have been reported but there is essential agreement that irrespective 
of the presence of hj'perplasia or aplasia, the characteristic feature is a suppression 
of maturation of m 3 'eloid cells at some stage of their development. 

Methods 

Mongrel dogs weighing from 7 to 15 kfios were used. The diet fed was the 
modification of the Goldberger black tongue-producing diet described bj' Ehoads 
and Miller (1), 


Articles of diet 

Quantity 

Nutrients 

Protein 

Pat 

Carbohl’- 

dratc 


cm. 

cm. 

cm. 

cm. 

Corn-meal 

400 

33.6 

18.8 

296 

California black-eyed peas 

50 

10.7 

0.7 

30.4 

Casein (purified) 

60 

52 



Cane sugar 

32 



32 

Cottonseed oil 

15 

i 

30.0 


Cod liver oil 

30 


15.0 


Rice polishings 

40 




Sodium chloride 

3 




Calcium carbonate 

10 

1 


1 

Total nutrients 


96.3 

64.5 

358.4 

Nutrients per 1,000 calories 


40.1 

26.9 

149.3 


Samples of blood were taken from the jugular vein at regular intervals, and the 
blood was collected in a standard amount of potassium o.xalate to prevent coagula- 
tion. For counting the formed elements of the blood carefully calibrated pipettes 
and counting chambers were used. Smears for differential counts were stained 
bj’’ Wright’s method. 

Necropsies were done on all the animals. Specimens of bone marrow from the 
femur, tibia, rib, and sternum were fi.xed in Zenker’s fluid with 5 per cent acetic 
acid as well as in Zenker’s fluid containing 10 per cent formalin. The Zenker- 
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TABLE I 

Summary of the Blood Findings before, during, and after Attacks of Induced Stoma- 
titis with Lcucopcnia 


Dog No. 

Length of time on diet 

No. of attneksof stomatitis 

Attack of stomatitis asso- 
ciated with leucopenia 

Total W.B.C. before at- 
tack, per c.mm. 

Absolute number of poly- 
morphonuclear cells be- 
fore attack, per c.mm. 

Absolute number of mono- 
nuclear cells before at- 
tack, per c.mm. 

Total W.B.C. during at- 
tack, per c.mm. 

Absolute number of poly- 
morphonuclear cells dur- 
ing attack, per c.mm. 

Absolute number of mono- 
nuclear cells during at- 
tack, per c.mm. 

Total W.B.C. after attack, 
per c.mm. 

Remarks 

1 


2 

2nd 

8,100 

6,460 

1,640 

1,350 

830 

520 


Died 

2 

142 

4 

4th 

9,800 

7,150 

2,650 

1,800 

1,120 

680 


Died 

3 

196 

5 

4ai 

5th 

8,150 

11,200 

6,050 

8,500 

2,100 

2,700 

1,250 

2,400 

750 

360 

500 

2,040 

9,300 

Recovered 

Died 

4 

101 

2 

1st 

10,500 

7,550 

2,950 

2,450 

1,100 

1,350 

44,000 

Recovered 
Died in sub- 
sequent 
attack 
without 
leuco- 
penia 

5 

94 

3 

3rd 

11,350 

10,200 

1,150 

1,300 

700 

600 


Died 

6 

79 

2 

1st 

2nd 

15,000 

13,900 

13,200 

11,500 

1,800 

2,400 

3,700 

1,350 

2,800 

590 

700 

760 

17,000 

Recovered 

Died 

7 

97 

3 

3rd 

12,600 

11,500 

1,100 

2,500 

1,900 

600 


Died 

8 

93 

4 

4th 

7,300 

5,500 

1,750 

2,350 

1,750 

550 


Died 

9 

186 

4 

3rd 

14,400 

13,100 

1,300 

1,250 

960 

290 

13,300 

Recovered 
Died in sub- 
sequent 
attack 
without 
leuco- 
penia 

10 

147 

2 

2nd 

11,450 

8,450 

3,000 

1,450 

590 

860 


Died 

Average. .. 

■ 

■ 

■ 

11,146 

9,100 



1,135 

791 
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All of the animals were definitel}’^ ill from the time of onset of the stomatitis 
and refused food and fluid. The temperature was uniformlj^' elected and fre- 
quently reached 104-105°. Death usuall}' occurred in from 2 to 3 days after the 
appearance of well defined disease manifestations. 



Text-Fig. 2. Graph showing the change of leucocyte levels in a dog which 
developed acute black tongue ivith leucopenia and recovered. ’ 

Leucopenia . — A pronounced leucopenia with a marked decrease in tlie absolute 
number of poh^morphonuclear cells was observ'-ed in all instances although in none 
was complete agranulocytosis present. In Table I are presented for all the am- 
the total and absolute numbers of polj^morphonuclear and mononuclear 
cells present both before and during each attack of stomatitis and leucopenia. 
The lowest total leucocyte count obsen'^ed during an attack was 1,250 per c. mm., 
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Leucopenia. A pronounced leucopenia with a marked decrease in the absolute 
m er o pol} morphonuclear cells was observed in all instances although in none 
was complete agranulocytosis present. In Table I are presented for all the ani- 
mals the total and absolute numbers of polymorphonuclear and mononuclear 
ce s present botli before and during eacli attack of stomatitis and leucopenia. 
I le lowest total leucocyte count observed during an attack was 1,250 per c. mm., 
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DISCUSSION 

Our report deals witli a group of experimental animals which died 
of acute black tongue following the feeding of a modification of the 
Goldberger black tongue-producing diet. The terminal features were 
an ulcerative, gangrenous stomatitis, in wdiich spiral and fusiform 
organisms were found, leucopenia, granulopenia, and a suppression 
of maturation of tlie hematopoietic elements of the bone marrow. 

The lesions of the mouth in acute black tongue have been described 
(18) and need not be discussed from a pathological viewpoint. The 
constant and persistent presence of spiral and fusiform organisms 
has suggested that tliey might be causative. Since the inoculation of 
masses of these organisms into and under tire labial mucous membrane 
of normal dogs uniformly failed to produce lesions, it was concluded 
tliat they were secondary invaders. Lillie (IS) has demonstrated 
lesions of tire myelin of the nerves leading to the affected areas in 
canine black tongue, and hence it is assumed that the mucous mem- 
brane change is trophic in nature. 

Two points concerning the leucopenia deserve special emphasis. 
Though pronounced in our animals, total or even almost complete 
absence of granulocytes was never observed. Secondly, in no instance 

did the sharp decrease in the number of circulating leucocytes precede 

• « 

the appearance of symptoms. It invariably followed or was coma- 
dental with the earliest lesions of the mucous membranes. The 
leucopenia and oral lesions may be concomitant manifestations of a 
general disorder. 

The histological changes of the bone marrow were characteristic. 
A similar dilatation of capillaries and cessation of maturation of 
hematopoietic cells have been observed in experimentally produced 
granulopenia following the administration of a number of toxic sub- 
stances of the group of aromatic compounds. The marrow changes 
observed were clearly causal of the decrease of circulating leucoc 3 '^tes 
in the peripheral blood. 

No explanation is at hand concerning the mode of action of the 
Goldberger black tongue-producing diet in causing suppression of 
hematopoiesis. The content of the diet in various dietary con- 
stituents has been discussed at length elsewhere (20) and need not be 
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EXPLANATION OF PLATES 
Plate 5 

Fig. 1. Pliotomicrograph of a cross-section of an ulcerated lesion of the pharj^n- 
geal mucous membrane of a dog witli acute stomatitis. Necrosis of tlie mucous 
membrane e.xtending to the muscular la}"er is sho\vn. Eosin-metliylene blue. X4. 

Fig. 2. Photomicrograph of the spiral and fusiform organisms present in the 
mucous membrane lesion shown in Fig. 1. XlOOO. 

Plate 6 

Fig. 3. Photomicrograph of the' femoral bone marrow of a normal dog. Both 
granulopoiesis and erythropoiesis are active. X450. 

Fig. 4. Photomicrograph of tlie sternal bone marrow of a patient witli acute 
stomatitis and granulopenia. Granulopoiesis is almost completely absent and 
erythropoiesis markedly reduced. X 450. 

Fig. 5. Photomicrograph of the femoral bone marrow of a dog with acute sto- 
matitis and granulopenia. Botli granulopoiesis and er 3 ’’thropoiesis are decreased. 
X450. 

Fig. 6. Photomicrograph of the femoral bone marrow of a second dog nrth 
acute stomatitis and granulopenia. Changes similar to those in Fig. 4 are present. 
X450. 
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FURTHER STUDIES ON KALA-AZAR 


LEisHitvKiA. IN Nasal and Oral Secretions oe Patients and the 
Bearing or This Finding on the Transmission oe the Diseiase 

Bv CLAUDE E.’fORKNER, ALD., astj ULY S. ZLA, AI.D. 

(From the Department of Medicine, Peiping Union Medical College, Peiping, China) 
(Received for publication, November 12, 1934) 

P^e^^ous studies (1) of the nasal secretions of patients suffering 
from kala-azar yielded the following facts; (o) Smears from the 
nasal cavities of fifteen patients, when examined microscopically, 
revealed the presence of Leishman-Donovan bodies in nine cases. 
(6) Smears from the surface of the phaiymgeal tonsil and from the 
saliva of one of these nine cases also showed the presence of leishmania. 
(c) The parenchjTna of the tonsil of this latter case, at autops}' , was 
found to be massively infected with the parasites. {£) The nasal 
secretions of two patients were injected intraperitoneally into sus- 
ceptible ammals with the result that the a nim als became hea\ily 
infected, demonstrating that the parasites were \iable. 

These experiments showed for the first time that a rich source of 
infective material from a large proportion of patients with kala-azar 
was available for direct transmission of the disease. The present 
communication gives data confirming and extending the previous 
obser\*ations. 

The medical literature contains almost no information concerning the presence 
or absence of leishmania in the secretions or tissues of the oral and upper respira- 
tor}' tract of patients with kala-azar. The earliest study was that of Bentley (2) 
who in 1904 searched the sputum of patients, but failed to demonstrate the para- 
sites. Carini (3) in 1911 and others subsequently found leishmania in the naso- 
phaivTigeal lesions of cases of espundia, a disease occurring in South America and 
caused by leishmania. This disease,however,has no similarity to kala-azar eacept 
that it is caused by a similar infectious agent. In 1913 Caslellani (4) found 
leishmania in scrapings from chronic ulcers of the nasal mucous membrane of a 
case suspected of ha\-ing kab-azar. Shortt (5) and his associates in 1932 examined 
X arious discharges and secretions of the body. They mentioned the saliTO as a 
possible source of leishmanb but did not examine it owing to the diSoultv of using 
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cultural metliods. The work of these latter investigators concerning leishmania in 
the urine and stools of patients Avas discussed in our previous paper (1). 

Technical Details 

The finding of Leishman-Donovan bodies in smears from the nasal secretions of 
patients Avith kala-azar is not diflicuit, but it demands careful preparation of tlie 
smears, a good microscope, an expert knoAA’ledge of the morphology' of the parasite 
and persistence in searching. The parasites often are very' feAV in number and 
may' be scattered uneA'enly through the smear. Their small size and the presence 
in the nasal secretions of a A'ariety of bacilli, cocci, cellular debris and albuminous 
material tend to render the parasites inconspicuous, and therefore prolong the time 
during AA'hich each oil immersion field must be examined before proceeding to the 
next. 

We are conA'inced that the interested inA'estigator can find the organisms in tlie 
smears AA'ithout difiiculty', but aa'c are equally certain that search by' the casual 
interne or the usual technician Avill be in A'ain. For the most part the smears on 
AA'hich these studies are based consisted of tAA’O or tliree preparations taken at one 
sitting only'. A more A'igorous search on scA'eral occasions might haA'e yielded a 
higher percentage of positive findings. 

There are several minor details in the preparation of the smears AA'hich are of 
value. An ordinary' cotton-tipped culture SAA’ab was passed gently' into the nasal 
cavity, and then onto the surface of a clean slide AA’here the mucus and purulent 
material Avas spread thinly'. These smears AA'ere alloAA’ed to dry' in the air. Fixa- 
tion Avith heat AA-as avoided OAA-ing to its tendency' to produce a finely' dmded pre- 
cipitate of albuminous material. The slides AA'ere then flooded AA’ith Wright’s stain 
and diluted Avith AA’ater in the manner ordinarily' employ'ed for blood smears. After 
AA'ashing, the smears AA'ere drained and alloAA'ed to dry' in the air AA'ithout blotting. 

The animals used in these experiments Avere small Chinese field mice (Cricetulus 
grisaes), commonly' called hamsters, Avhich AA'ere shoAA-n by' Smyly and Young (6) 
to be highly' susceptible to infection AA'ith Lcishmama donovam. These animals, 
because of their cannibalistic tendencies, AA'ere kept in small, indmdual, AA'ide 
meshed AA'ire cages. In order to avoid cross-contamination among the animals 
and to render insect communication less likely', each cage containing either a con- 
trol or an inoculated animal AA'as suspended independently' by a AA'ire and sepa- 
rated from the otliers by' an ample space of air. Under such conditions tlie ham- 
sters survived and thrived for many' months. Each animal Avas earmarked and in 
addition tlie cage AA'as tagged AA'ith tlie animal number. 

At times the intraperitoneal injections of saliva and nasal secretions AA'ere ren- 
dered difiicult by' the presence of thick mucus or crusts. Such material Avas pre- 
pared for injection by adding phy'siologic sodium chloride solution and then 
alternately fillin g and emptying a syringe onto AA'hich AA'as attached at first large 
and then smaller needles. The feeding of infective material to the hamsters Avas 
accomplished by dropping the contents of a sy'ringe into the open mouth and AA'ait- 
ing for them to sAA'alloAA' AA'hile they AA'ere being held by an assistant. 
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Final examination of both control and inoculated animals was accomplished 
by autopsy. Smears were made of the spleen, liver and Ij-mph nodes. These 
organs wii other tissues were fixed in Zenker-formol (formalin 10 per cent) and 
after sectioning stained with hematoxylin and eosin. 

The general plan was to inoculate four animals with each specimen of material. 
By such a procedure some allowance was made for accidental death of the anim a l s 
and for individual differences in resistance and susceptibility to infection. Such a 
plan worked very well for the intraperitoneal injections of nasal secretions. How- 
ever, the sputum or saliva of the patients when injected was much more likely to 
produce secondaiy pj-ogenic peritonitis which was fatal to a large proportion of the 
animals before sufficient time had elapsed for infection with leishmania to become 
manifest. As the result of these experiments it has been found that an interval 
of less than 45 daj's after intraperitoneal inoculation of either salisa. or nasal 
secretions is insuffident for the infection with leishmania to be recognizable by the 
technique described. Hence animals which died earlier than the 45th day after 
inoculation were regarded as not simuving long enough for a satisfactory' experi- 
ment From our experience it would appear that the optimum time for the 
examination of animals after intraperitoneal inoculation with nasal secretions is 
about the 90th or 100th day, at which time hea^’y infection usually is present. 
Some animals show heavy' infection as early as the 50th or 60th day. 

EXPERIMEKTAE 

The nasal secretions of seven additional patients with kala-azar 
(Table I) have been examined microscopically. In three of these 
leishmania were present. This makes a total of twenty-two patients 
examined, in twelve of whom the parasites were found in the nasal 
secretions by direct examination. Smears from the tonsils of ten 
patients showed the parasites in three (Table V). 

It will be noted that the nasal secretions of fourteen patients were 
inoculated intraperitoneally into hamsters (Table IE). At the end of 
varying periods of from 45 to 200 days the animals were examined. 
From thirteen of the fourteen patients the nasal secretions were found 
to contain viable leishmania, exidenced by the infection of one or more 
of the hamsters of each group. The only' patient in whom a negative 
result occurred was a small child from whom almost no nasal dis- 
charge could be obtained. Two animals only' were inoculated from 
this patient and one of these did not survive long enough to be of 
value. There were three instances (Table V), Xos. P107, PI 15 and 
P103, in which direct examination of the nasal smears was negative 
but in which animal inoculation was positive. 
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Table III lists briefly the protocols of experiments concerning intra- 
peritoneal inoculations into Chinese hamsters of saliva, sputum and of 
material from pharyngeal tonsils of patients suffering from kala-azar. 
It will be noted that sputum or saliva or both from tlrirteen patients 
was inoculated into animals. In five of these cases the animals died 


TABLE I 

Data concerning Patients 7vith Kala-Asar in Whom the Nasal Contents Were 
Examined for Presence of Leishmania* 
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* Leishman-Donovan bodies were found in nasal smears from nine of fifteen 
previously reported cases. 

t These measurements were from the mid-clavicular line at the left costal mar- 
gin to the tip of the spleen. 

early in the course of the experiment, too soon for infection with 
leishmania to become discernible. In the other eight cases two. 
Nos. P108 and Pill, showed leishmania to be viable in the saliva or 
sputum. In two other cases. Nos. P78 and P112 (Tables III and V), 
material from the tonsils, obtained in the first case at autopsy and in 
the second by puncture of the tonsil during life, when inoculated 
demonstrated the infectivity of the parasites. 
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Data concerning Itilrapcriloneol Inoculation into Chinese Samsters of Emulsions in 
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TABLE m 

Data concerning InlrapcriloiKal Inoculations into Chinese Hamsters of Saliva, 
Sputum and of Material from Tonsils of Patients mth Kala-Azar 
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N'es 
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1 141 
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sputum 
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FURTHER STUDIES ON KALA-AZAR 


TABLE m — Concluded 


Case 

No. 

Hamster No. 

No. 

of 

ani- 

mals 

Matcriiil 

inoculated 

Amount 

inoculated 

Dura- 
tion o( 
experi- 
ment 

History 

of 

nnimal 

rrescncc or absence 
of leishmania in 
sections or smears of 



LjTnph 

nodes 





cc. 

days 






148, 149, 150, 151 

4 

Saliva and 

0.30 

137-172 

Killed 

Pos. 

Pos. 

Pos. 

Pill 



sputum 








152, 153 

2 

None 

— 

172 

Killed 

Ncg. 

Neg. 

Neg. 




(control) 








165, 166, 167, 168 

D 

Saliva 

0.25 

1 

Found 

B 

B 

H 



1 




dead 

■ 


■ 


193, 195 

H 

' 

Abscess 


0.20 

1 

Found 

■ 

B 

H 



■ 


fluid 




dead 




PI 12 

194 

B 


■ from 


0.10 

175 

Killed 

Pos. 

Pos. 

Pos. 





puncture 












of tonsil 

1 








162, 163 

2 

None 


186 

Killed 

Neg. 

Neg. 

Neg. 




(control) 








200, 203 

2 

Saliva 

0.40-0.50 

7-9 

Found 

— 


— 







dead 




PUS 

201, 202 

2 


0.30 

24-101 

Found 

Neg, 

Neg. 

Neg. 







dead 





208, 209 

2 

Saliva and 

0.40 

1 

Found 

B 

B 

— 

Pllo 



sputum 



dead 

B 

B 



47, 48 

2 

Saliva 

0.25 

10 

Found 

- - 





P103 






dead 





Having proved that resistant living leishmania were present in the 
nasal secretions of over 90 per cent of this small series of patients, it 
became of importance to know whether normal individuals could be 
infected easily when such secretions were administered b}’- natural 
routes rather than by parenteral injections. Table IV gives brief 
protocols of a number of experiments in which nasal secretions, oral 
secretions and material from pharyngeal tonsils were introduced into 
the oral and nasal cavities of Chinese hamsters. This table also gives 
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data concerning inoculation of nasal secretions of patients "vritli kala- 
azar into the nasal cavities of two normal human volimteers. 

Perusal of the tables (Tables IV and V) reveals that the above ex- 
periments in many instances are still incomplete and in others that 
they have been only partially successful. Nasal secretions from the 
first case (No. P78) were inoculated into the nasal cavities of three 
animals. At the end of 59 days one of these animals (Hamster 22) 
was sacrificed. Search of the smears of the cervical lymph nodes and 
spleen revealed a few typical Leishman-Donovan bodies, but the 
infection was light and would have been missed had not a careful 
search been made. This experiment was of interest, but the slight 
degree of infection led to the prolongation of the time between inocula- 
tion and examination of the animals. The remaining two animals 
(Hamsters 23 and 24) together with two control hamsters (Nos. 
25 and 26) were sacrificed after from 98 to 107 days. In none of these 
were leishmania demonstrable. However, three other animals 
(Hamsters 74, 75, 76) were fed with from 0.1 to 0.2 cc. of an emulsion 
in physiologic sodium chloride solution of material from the tonsil 
of the same patient. At the end of from 62 to 78 days all three were 
moderately heavily infected with leishmania. 

Similar experiments with the nasal secretions and sputum of other 
patients, Nos. P87, P104, P105 and P107, are either incomplete or 
have been negative for transmission of the disease. Fifteen animals. 
Hamsters 128 to 131, 154, and 245 to 254, were the subjects of repeated 
feedings of nasal secretions from patients -n-ith kala-azar (Table TV). 
Four of these animals (Hamsters 129, 130, 154, 254), examined after 
from 97 to 107 days, were found to be uninfected with leishmania. 
One animal (Hamster 131) died too soon for the experiment to be of 
value. The remaining ten animals arc still alive and will be examined 
at a later date. 

Nasal secretions from two patients (Nos. P78 and P104) were 
inoculated (Tables IV and V) into the nasal cavities of two normal 
human volunteers (Nos. P67 and P72) on 3 successive days. These 
volunteers are well and show no signs of kala-azar 316 and 288 daj's 
rcspcctiveh- after the beginning of the experiment. Inasmuch as the 
incubation period of the disease in man is unknown, these volunteers 
will continue to be under obsciv’ation for a considerable period of 
time. 
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Presence or absence 
of leisbmania in 
sections or smears of 

sapou qdupC'j 

1 
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CO 
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Route of 
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Oral 
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nasal 

Oral 

and 

1 nasal 

Amount 

inoculated 

Few drops at 
each re- 
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Few drops at 
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Sputum: Pill 
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TABLE V 
Summary 

Results of Microscopic Examination, of Intraperitoneal and Oral and Nasal Inoculation into Chinese Hamsters and of Nasal 
Inoculation into Human Volunteers of Material from Patients with Kala-Azar 
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FURTHER STUDIES ON KALA-AZAR 


DISCUSSION 

The subject of the natural mode or modes of transmission of kala- 
azar has been one of greatest importance since the nature of the disease 
was first clearly recognized by Leishman (7) and by Donovan (8) 
in 1903. There exist large areas of heavily populated districts in 
China, India and in the countries bordering on the Mediterranean 
Sea where the disease is prevalent, the mortality high and facilities for 
treatment exceeding^ few. One of the most hopeful avenues for 
escape from the ravages of the disease would be to discover its mode of 
transmission and thereby aid in the eradication of the conditions 
favoring its spread. To solve this problem has been the cliief aim of 
various kala-azar commissions, and in addition to them many in- 
dependent investigators have pursued the problem in its various as- 
pects. Chief among the theories has been that the sand-fly actively 
transmits both kala-azar and oriental sore in much the same manner 
as trypanosomiasis, etiologically a somewhat closely related disease, 
is transmitted by the tzetze fly. Hundreds of papers and scores of 
investigators have dealt with this aspect of the problem, attempting 
by every conceivable means to incriminate the sand-fly. Strong 
presumptive evidence supports this theory but in spite of exhaustive 
attempts it has not yet been shown that the sand-fly is an important 
agent in the transmission of the disease. Out of many hundreds of 
susceptible animals, exposed each one to scores or in some instances 
hundreds of bites of infected sand-flies, in only three instances (9, 
10) has kala-azar and in one instance (11) oriental sore been thought 
to have been transmitted. Eleven human volunteers subjected tliem- 
selves to hundreds of bites of sand-flies known to be infected but 
there resulted no transmission of the disease. In fact the large volume 
of excellent work on the subject gives strong testimony that the sand- 
fly is not an important agent in the transmission of the disease. It 
seems conceivable that some insect other than the sand-fly or even 
the sand-fly itself may be shown eventually to be an important in- 
termediate host. The cliief evidence for and against the transmission 
of leishmaniasis by the bite of the sand-fly as accumulated from tlie 
voluminous literature on the subject, is listed in Table VI. 

The second tlieory, that of transmission by direct or indirect contact 
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FURTHER STUDIES ON ICALA-AZAR 


TABLE VII 


Facts for and against Transmission of Leishmaniasis by Direct or Indirect Contact 


For 


Against 


1. Viable parasites have been found in 
intestinal and gastric mucosa and in 
urine and stools of infected individuals 


1. Leishmania ordinarily do not go tlirough 
their complete life cycle (flagellation) 
at 37°C. or in the body of man 


2. Kala-aaar is notorious as a family and 

a house disease 

3. During epidemic periods spread of dis- 

ease required intimate contact 

4. Presence of infected and healthy ani- 

mals in same cage results in infection 
of the normal animal 

5. Susceptible animals readily acquire 

disease if fed infected material (or- 
gans, cultures, infected sand-flies or 
ticks) 

6. One case in man presumably infected by 

accidental sucking into the mouth of 
infected material 

7. The form of leishmania found in bodies 

of infected patients can produce in- 
fections when administered orally to 
animals 

8. Flagellation is not a necessary phase for 

the reproduction of the parasite or 
for its infectivity 

9. Some cases of kala-azar cannot be ex- 

plained satisfactorily on tlie basis of 
insect transmission 

10. House-flies and dog fleas readily ingest 

and may 5 minutes later deposit in 
their dejecta living leishmania 

11. Parasites remain viable and may multi- 

ply in milk for periods of days or 
months 


2. Only one of thirty-two hamsters fed 151 

times with feces of infected hamsters 
acquired tlie disease 

3. One monkey fed repeatedly on feces of a 

patient with kala-azar failed to be- 
come infected 

4. None of tliirty-two hamsters fed repeat- 

edly on deposit from fresh centrifuged 
urine of kala-azar cases, acquired the 
disease 

5. Many cases of endemic kala-azar arise 

in which there is no histor}' of con- 
tacts with infected individuals. It is 
well known, however, that heavily 
infected individuals may remain symp- 
tom-free at least for many months 

6. Kala-azar, at least in many districts, 

appears to be a rural disease, many 
more cases. coming from tlie outlying 
districts of villages tlian from within 
the confines of the village itself 

7. No rich source of infective material from 

patients with kala-azar has been 
demonstrated 
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FURTHER STUDIES ON KALA-AZAR 


SUMMARY 

The summary of our experiments (Table V) including data pre- 
viously reported is as follows: 

1. Twenty-two patients were studied, in all of whom the diagnosis 
of kala-azar was confirmed by puncture of the spleen or liver, with 
recovery of Leishman-Donovan bodies. 

2. Microscopic examination of the nasal secretions revealed typical 
parasites in twelve (54.5 per cent) of the twenty-two cases. 

3. Microscopic examination of smears from the pharyngeal tonsils 
of ten patients showed parasites in three (30 per cent). 

4. The results of intraperitoneal inoculation into hamsters of nasal 
discharge from fourteen patients proved that the parasites were present 
and had retained their infectivity in thirteen (92.8 per cent). 

5. Intraperitoneal inoculation into animals of sputum or saliva 
lulled many animals before sufficient time had elapsed for the presence 
or absence of infection with leishmania to be demonstrated. However, 
in eight cases animals survived and in two of these (25 per cent) 
transmission of the disease had occurred. 

6. Material obtained from the pharyngeal tonsils pf two patients, 
when inoculated intraperitoneally into hamsters resulted in infection 
with leishmania in both instances. 

7. Single inoculations, into the oral and nasal cavities of hamsters, 
of nasal discharge from five patients have resulted in transmission of 
leishmaniasis in one instance only, but these experiments are in- 
complete. 

8. Repeated inoculations by the oral and nasal routes of hamsters 
and of two human volunteers with nasal secretions from patients with 
kala-azar have not yet been concluded, but to the present date have 
resulted negatively. 

9. Emulsions of material from the pharyngeal tonsil of one patient, 
when fed to three hamsters in amounts of from 0.1 to 0.2 cc. on one 
occasion only, resulted in generalized infection with leishmania in 
each of the animals. 

10. Evidence as obtained from the medical literature both for and 
against the transmission of kala-azar by direct or indirect contact and 
by means of the bite of the sand-fly is presented. 
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METHOD FOR DIAGNOSIS OF PSITTACOSIS 


peritoneal cavities of 6 mice. In this manner we recovered virus from 
the sputum of the patient (3) and confirmed the clinical diagnosis of 
psittacosis. 

A reasonably safe laboratory method for the diagnosis of psittacosis 
in man is of importance. Our investigations (4), as well as similar 
experiences of others, have indicated that serological tests are prob- 
ably not suitable for the detection of psittacosis. Following Krum- 
wiede’s observations, our work (5) and the findings of others have 
shown that mice are highly susceptible to psittacosis and that the 
experimental disease in them can be easily recognized. We have 
found, furthermore, that mice can be used for the diagnosis of 
psittacosis in man by means of injections of washed sputum or filtrates 
of sputum into their peritoneal cavities, and that infected mice can 
be handled with a minimum of danger of accidental infection. The 
work, already presented in a preliminary note (6), will now be given 
in greater detail. 

Sputum-Mouse Test for Diagnosis of Psittacosis 

In the test for the presence of virus in the sputum of human beings 
suspected of having psittacosis either unfiltered or filtered sputum 
may be used. The test is conducted in the following manner. 

JJnfiltcrcd Spuliun . — Material coughed up from the lungs — not saliva or dis- 
charges from the nasopharyn.\ — ^is washed and then emulsified in physiological 
salt solution or Locke’s solution by means of repeated passages through a 20 gauge 
needle attached to a syringe. Six white mice are inoculated intraperitoneally 
with the emulsion, 3 receiving 0.25 cc. each, while 3 others get 0.5 cc. each. Too 
rich an emulsion should not be used, because the mice must be able to destroy the 
bacteria in order that the virus may be obtained free from contaminants. The 
animals are observed for a period of 30 days. 

Filtered Sputum . — ^The sputum of the majority of patients with psittacosis 
does not contain organisms, such as pneumococci and hemob'^tic streptococci, 
sufficiently virulent to kill the mice, and under these conditions it is not necessary 
to filter tlie sputum, provided too large an inoculum is not used. At times, how- 
ever, the bacteria in the sputum are so virulent that it is impossible to test for 
psittacosis virus in their presence. Then it is essential to filter the sputum and 
inoculate mice with the filtrate in the following manner. 

The patient’s sputum to which 20-50 volumes of meat infusion broth, pH 7.8, 
and a small amount of alundum have been added is thoroughly ground in a mortar. 
The emulsion is centrifuged for 10 minutes at a speed of 3000 r.p.m. Then tlie 
supernatant fluid is filtered through a Berkefeld V candle at a pressure of 15-30 
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cm. of mercun-. Each of 6 mice receives inlraperitoneally on 3 successive days 
9 rr of the filtrate The animals are observed 30 days. 

' Housing of Mice during the Tesl.-The mice are housed m battery- ^ mce 
being put in a Jar. The Jars are placed in large flat trays contaming - 

laver of a 5 per cent solution of lysol. The trays are n and t£ 

of tvhich stand in basins filled with a 5 per cent solution of h^ol (Fig. 1), and the 
tabli are kept in a well screened room. These precautions are taken to pret ent 
the mechanical spread of infection by insects. Inasmuch as some mice hate to 



I'm. 1. Photograph illustrating the manner in which mice should be housed 
when infectcil with the virus of psittacosis. The tables should not be near a \iall 
and arc placed against one in this instance only because a photograph could not 
have been obtained otherwise. 

be observed several weeks, their Jars must be cleaned from time to time. Care 
should be taken not to contaminate oneself during the process of cleansing the 
jars, and the dirty shavings or bcilding in the Jars should be stcrilizcrl or disjxi.=e<! 
of in a safe manner. 

Cri!rri,: for !l:r Presence nf PsiUocotic Infections in the JnrculnteA Mire. Fnc 
criteria by v.hich the presence of psittacosis in the inoculate*! mice is determine! 
are 


1 I'hc development in som.e or all of the animals of illness v. Ir.ch is usually 
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fatal within 5-1-1 days, Init occasionally not before 50. If after the 4th or 5th 
clay a mouse becomes sick it should be killed rather than allowed to die. 

2. The absence of ordinary bacterial infections as determined b\- aerobic and 
anaerobic cultures from material obtained at necropsy. 

3. The presence in the liver and spleen of the characteristic pathological picture 
consisting of focal necrotic lesions into and around which there is a collection of 
polymorphonuclear and mononuclear cells (5). 

4. The presence of “minute bodies” of psittacosis (7) in impression smears 
taken from the liver and spleen — particularly the spleen, d'hese bodies stain 
easily with our modification of Castaneda’s methylene blue safranin method (5). 


Phosphate buffer pH 7.0 95 cc. 

Formalin 5 cc. 

Loeffler’s methylene blue 10 cc. 


Slain 2 minutes with the methylene blue preparation, rinse in tap water, and 
quickl}'^ counterstain with a 10 per cent aqueous safranin solution. The “minute 
bodies” take a purple or blue stain while the cells are pink. 

5. The establishment of serial passages of the virus in mice by means of liver 
and spleen emulsions from the animals receiving unfiltered sputum or sputum 
filtrates. 

6. The demonstration that mice which have lived for 30 days following the 
inoculations of sputum or sputum filtrates have developed an active immunity 
against a potent strain of psittacosis virus. The tests for immunity should not be 
made sooner than 30 da 3 'S after the primarr' inoculations, because mice develop an 
immunit}^ against psittacosis slowl\^ 

All of the above conditions obviously need not be fulfilled in each instance, 
sometimes one, sometimes another serves to establish a diagnosis. 

RESULTS 

Specimens of sputum from 28 individuals have been e.xamincd for 
the presence of psittacosis virus in the manner described above, and 
the results of the tests have been summarized in Table I. Most of 
the specimens of sputum were collected between the 3rd and 9th da 3 ^s 
of illness. We are reasonably certain that 17 of the 28 persons had 
psittacosis and that the remaining 11 did not. In the sputum of 12 
of the 17 patients with psittacosis active virus was demonstrated; no 
virus was found in specimens from 4; and the results of the examina- 
tion of the material from 1 were hard to interpret. No virus was 
demonstrated in the sputum from the 11 control cases. 

A few remarks concerning the negative and doubtful results ob- 
tained with sputum from cases of psittacosis will not be amiss. The 
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METHOD FOR DIAGNOSIS OF PSITTACOSIS 


sputum from Case S (C.W.) was collected on the 20th day of illness, 
2 days after the patient’s temperature had returned to the normal 
level. In this instance, the fact that the specimen was collected so 
late in the course of the illness may account for the failure to demon- 
strate the virus. The specimen from Case 17 (G.S.) sent in for ex- 
amination was not sputum, but saliva, and this error on the part of 
the individual collecting the material probably accounts for the 
negative result, because the patient undoubtedly had psittacosis as 
virus was later obtained from material secured at autopsy. The 6 
mice receiving sputum filtrate from Case 10 (M.Su.) survived, but 4 
of them remained perfectly well when tested for immunity by means 
of injections of potent psittacosis virus. In tins test the 6 negative 
control mice died and the 6 positive control ones survived. We re- 
corded the result as doubtful because we have not had sufiicient ex- 
perience to make a definite laboratory diagnosis of psittacosis on such 
evidence alone. No obvious reasons were found to account for the 
failure to demonstrate virus in the specimens of sputum collected from 
Cases 3 (T.S.) and 11 (E.A.S,). 

From 6 of the patients (Table I) with psittacosis, blood was collected 
and injected (1 cc, in each animal) intraperitoneally into mice. The 
blood was collected from each case at approximately the same time 
that the sputum was obtained. In no instance did we recover virus 
from the blood in spite of the fact that the active agent was demon- 
strated in the sputum of 5 of the individuals. 

Nasal washings (3) from Case 1 (G.P.B.) yielded no virus although 
it was present in his sputum. Filtered urine and stools from Case 12 
(F.S.) were negative, according to tests in mice, for virus, yet it was 
present in the sputum. 

Bits of lungs, liver, and spleen were obtained at the time of autopsy 
of 3 of the patients. Virus was recovered from material from 2 of 
them, while in that from the other one none was demonstrated (Table 
I). The organs that yielded the negative results came from an in- 
dividual who had been ill 15 days and from whose sputum collected 
6 days prior to death virus had been recovered. 

The virulence for mice of strains of virus derived from human 
sputum proved to be fully as great as that of strains derived from 
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birds. Increasing severity of the psittacotic infection in the rodent 
host with successive animal passages was manifested in every instance 
in which serial transfers were made. Bedson and his coworkers (8) 
and Gordon (9) have stated that the virus derived from human sources 
has not displayed the same degree of pathogenic stability for mice as 
that derived from parrots. Because of our divergent experience, we 
inoculated a variety of strains of mice in order to determine whether 
a varying susceptibility to psittacotic infection in this host might 
account for this difference. Moreover, before recommending the 
mouse as a suitable animal for use in a diagnostic test for psittacosis, 
it was desirable to ascertain whether different strains of this host 
vary considerably in susceptibility to the virus. Six strains were, 
therefore, studied in a comparative way, and aU were found to react 
in essentially the same manner to inoculations of material containing 
the virus of psittacosis. Furthermore, it was found that very small 
doses were in general as capable of inducing infection in one strain as 
in another. Webster’s virus-susceptible and \Trus-resistant mice were 
not used in this work. 


DISCOSSION 

From the results reported at this time it is ob\’ious that the sputum 
collected from patients with psittacosis is an excellent material in 
which to demonstrate the presence of the etiological agent of the 
disease. This is accomplished by means of injections of unfiltered 
washed sputum or sputum filtrates into the peritoneal cavities of 
mice. We were unable to demonstrate \'irus in the blood when mice 
were used as the test animal. The active agent is in the blood, how- 
ever, and Bedson and his coworkers (1) clearly demonstrated this 
fact by the use of budgerigars as the test host. Our endeavors, how- 
ever, have been directed towards the development of a satisfactory* 
diagnostic test in which the mouse, a safe and inexpensive host, can be 
used instead of birds. It appears that we have been successful, and 
for more than 3 years no birds have been employed in our laboratory 
for diagnostic purposes. In addition to ourselves other workers (10) 
have found the sputum-mouse test satisfactory for the diagnosis of 
psittacosis in human beings. 
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SUMMARY 

By means of intraperitoneal injections in mice of unfiltered sputum 
or filtrates of sputum a large percentage of the cases of psittacosis in 
human beings can be successfully diagnosed in a relatively safe 
manner. 
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We have described in a previous communication, a method for the 
production of experimental pneumococcus lobar pneumonia in the 
dog (1). Briefly this consists in the injection of small quantities of 
highly virulent pneumococci, suspended in a starch-broth medium, 
through a radio-opaque catheter inserted into a terminal bronchus with 
the dog under the fluoroscope. The experimental disease thus pro- 
duced bore a close analogy, both in its clinical course and pulmonary 
patholog>% to lobar pneumonia seen in the human being. The severity 
of the disease was, for the most part, found to be dependent upon the 
amount of culture injected. With doses of less than 0.04 cc. the dogs 
always recovered. Increasing the dosage above this amount resulted 
in infections of greater intensity and with a mounting mortality imtil 
at 0.25 cc. of culture death usually ensued. With a dose of 0.4 cc. of 
culture death occurred regularly. 

This obscrv'cd relationship between the infecting dose and the out- 
come of the experimental disease, within the limits indicated, afforded 
the possibility of determining with considerable certainty whether a 
dog which had recovered from one attack of lobar pneumonia was 
more or less susceptible to a subsequent infection. The present paper 
embodies the results of such an investigation. We have studied the 
effects of repeated attacks of lobar pneumonia in twenty-five indi- 
vidual dogs undergoing 78 infections induced at interv'als of 3 days to 
19 months. The number of attacks to which a single animal was 
subjected ranged from two to eleven. All the dogs were sacrificed 
during their final infection for the purposes of studying the pulmonarj- 
pathology. 
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REPEATED ATTACKS OP EXPERlilENTAL PNEUMONIA 


Materials and Methods 

The experimental disease was produced with a single type of pneumococcus, 
namely Tj'pe I, Strain A 5 , which is a known highly virulent organism. For the 
initial attack a dose of 0.05 to 0.1 cc. of an 18 hour broth culture was given which 
produced a moderately severe disease course, lasting 4 or 5 days and clearing up 
usually by crisis. Doses of 0.02 to 1 cc. of culture were employed in tlie induction 
of subsequent infections. These were initiated in the previously involved as well 
as in the hitherto uninvolved lobes of the lung. One or more X-rays were taken 
on each dog during the course of the disease. The details of weight, dosage, 
amount of pulmonarj^ involvement, number of attacks, blood cultures and white 
blood cell counts are shown in Tables I and II. The dogs killed during their 
second infection (presented only in Table II) received a final infecting dose of 
0.25 cc. with the exception of No. 43E which was given 0.4 cc. of culture. 

Suroival following Reinfection with Lethal Doses 

Thirteen dogs were observed through the course of 33 repeated 
attacks of experimental lobar pneumonia (Table I). All except one 
received doses in the lethal range (0.25 to 1 cc. of culture) and all but 
one survived. Tliis animal, No. 31D, a very old dog receiving 1 cc. 
of culture, died at the end of 30 hours mth a mixed infection consisting 
of Gram-negative and Gram-positive bacilli as well as pneumococci. 
That the resistance of the reinoculated animals had been decidedly en- 
hanced as a result of recovery from one attack of pneumonia is sho^yn 
by a comparison with dogs infected similarly for the first time. Of a 
series of twenty-two dogs used in this and previous work which re- 
ceived a dose of 0.25 cc. in their primary infection, only five survived 
and none of four dogs injected with 0.4 cc. lived.^ 

Relative Severity of Snccessive Infections 

The recurrent attacks of pneumonia were uniformly mild in char- 
acter even with a dose of 0.4 cc. or greater. The febrile course was 
brief, lasting only 2 or 3 days and the lesion was usually confined to a 
single lobe. As nearly as could be determined, the time intervals 
elapsing between reinfections, which were 3 days to 19 months, did 
not alter the relative severity of the reinfections. Dogs 6B and 15B 
(Table I) received three infections in alternate lobes of the lung within 

» Since the completion of this study we have infected a number of dogs with 
a dosage of 0.25 cc. to 0.5 cc. All died except two and these received the largest 
amount of culture. 
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a period of 8 days, each mfection being given as soon as the tempera- 
ture reached a normal level after the preceding attack. There vrere 
no essential differences between the ioitial and third attacks. 

Occiirreiice of Bactoremia 

One of the most striking differences in reaction between the prima- 
rily and secondarily infected animals was that of the occxirrence of 
bacteremia. Daily blood cultures were made on all animals following 
infection imtil the time of death or recovery. Of a total of 69 dogs 
observed in this and other studies (1) during their primary infection, 
37 showed invasion of the blood stream by the pnemnococcus at some 
time during their illness, while of a total of 54 recurrent infections, 
bacteremia occurred in only three instances and was of a minimal 
nature (Table I). The bacteremia present in the initially infected 
dogs was frequently marked and in the majority of instances was 
associated with a fatal outcome often with hundreds of pneumococci 
per cc. of blood. On the other hand the bacteremia in the recovered 
dogs amounted at most to only six colonies per cc. 

Leucocytic Response 

Another difference between the primary and subsequent infections 
was observed in the leucocj'tic response. Wffien lethal infecting doses 
were employed in the initially infected animals there was an early and 
lasting leucopenia which was usually accompanied by bacteremia. 
Analogous dosage in the reinfected dogs produced in most instances a 
prompt Icucocytosis (see Table I). 

Acquired Pncumococcidal-Promoling Activity of the Blood Scrzim 

In order to determine whether acquired humoral immunity played 
a role in the increased antipneumococcal resistance Eho\m by the re- 
covered dogs, obser\’ations were made on the pneumococcidal-pro- 
moting activity of the inactivated serum of sbe animals following one 
or more attacks of the disease. The technique for this procedure was 
the same as that described in earlier studies (2, 3). It was found that 
acquired immune substances appeared in the scrum of five of the sb: 
dogs at some time during the period of obser\'ation but not after each 
attacl: (Table I). In most instances they were not demonstrable 
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until after several reinfections as illustrated in Text-fig. 1 (Dog 23B). 
Witli increasing number of recurrences of the disease, immune sub- 
stances could be detected witli greater constancy and tended to per- 
sist in the serum for longer periods of time. Repeated tests made 
during eight attacks of pneumonia in four different dogs (Nos. 15B, 
20B, 23B and 24B, Table I and Text-fig. 1) showed that the titer of 



Text-Fig. 1. The development of pneumococddal-promoting activity of the 
serum during the period of seven attacks of experimental lobar pneumonia; Dog 
23B. “Pneumococcidal-promoting action of serum” on day of infection indicates 
the state of the blood serum just before the induction of the disease. 

pneumococcidal-promoting substances remained at a constant level 
or even tended to diminish during the course of a single infection. 

It should be pointed out that failure to demonstrate the presence of 
acquired immune substances in the serum of these dogs at certain times 
does not exclude their presence since the method is limited in the de- 
tection of these substances in low concentrations. In a previous 
study of acquired humoral immunity in human cases recovering from 
lobar pneumonia (3), there were several instances in which the in- 
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activated and diluted serum failed to exhibit pneumococddal-promot- 
ing activity at any time TThile the fresh whole serum showed the 
development of this property about the time of recovery, suggesting 
the occurrence of acquired immun e substances in low concentration. 
Other evidence for this inference is presented in the study to which 
reference has been made. Such parallel tests with the whole fresh 
dog serum were not considered worth while since the dog’s blood 
normally possesses a relatively high degree of pneumococcidal action 
which tends to persist, often in undrminished degree, throughout the 
course of the e.xperimental disease. WTiether or not our tests failed 
to reveal the existence of small quantities of acquired immune sub- 
stances, the results obtained do indicate that the recovered dog’s 
increased resistance to subsequent infection is not dependent on an 
excess of drculating antipneumococcal immune bodies, because dogs 
apparently lacking this property of the serum were able to localize the 
pneumococci just as effectively and recovered from the disease just 
as quickly as did those exhibiting it to a relatively marked degree. 

Acquired immune substances were demonstrable with much greater 
regularitj'’ in the human beings recovering from lobar pneumonia than 
was the case in dogs but their relationship to the process of recovery is 
just as obscure. 

Pathology 

Twenty dogs were sacrificed during their secondary’’ or subsequent 
attacks for the purpose of studying the evolution of the lesion. A 
comparison of such lesions ■with similar aged ones of the primary in- 
fection (described elsewhere (4)) revealed certain striking differences 
in their development." 

.5 Ilour Lesions . — In two recovered dogs, Nos. I5B and lOD, lulled at the end 
of 3 hours, the lesion differed little, cither macroscopicaily or microscopicall}-, 
from the process obscived at this stage of the primary infection, except that it 
tended to be slightly more extensive. The involved area was 2 to 3 cm, in diam- 
eter, of a diffuse mottled red color and sharply demarcated from the surrounding 
normal lung tissue. A firm nodule about 1 cm. in diameter was felt in the center 
of this area. Microscopically there was seen a central area of inlra-alvcolar 

* The stain used was a modification of the Gram-W'eigcrt desdsed bv Mrs. H. M. 
Wallace and described in our presdous study (4). 
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Pathology of Li 


Dog 

No. 

Ago oi 
lesion 

Site of lesion 
• in relation to 
locus 

of pre\’ious 
infection 

No. of 
pre^ou 
infec- 
tions 

Interval 
s since 

preceding 
infection 

White blood cell' 
during 

final infection 

3 

Extent of pulmonary involvement 


hrs. 




thousands 


15B 

3 

Same lobe 

9 

15 days 

— 

Lesion 3 cm. diameter 

lOD 

3 

Same lobe 

2 

8§ mos. 

- - 

Lesion 2-3 cm. diameter 

20B 

6 

Same lobe 

4 

11 days 

— 

L.L. consolidated 

42E 

6 

Same lobe 

3 

5 days 

8 < 24 

R.L. 5^ consolidated 

43E 

6 

Same lobe 

1 

3 wks. 

6 < 8 

R.L. Vs consolidated. R.M. and 
R.U. small areas consolidated 

4C 

6 

Same lobe 

1 

3 wks. 

16 < 20 

R.L. I'f consolidated i 

5E 

6 

New lobe 

1 

2 

13 days 

10 (at death) 

R.L. 5^ consolidated 

46E 

14 

Same lobe 

1 

3 mos. 

10 > 5 

R.L. Vi consolidated 

<5C 

15 

Same lobe 

1 

4 wks. 

16 < 27 

R.L. Vi consolidated 

27H 

16 

Same lobe 

1 

3 wks. 

? < 13 

R.L. small area 3 cm. diameter 

38D 

12 

New lobe 

1 

8J mos. 

— 

L.L. almost completely consoli- 
dated 

15H 

15 

New lobe 

1 

wks. 

16 > 7 

L.L. completelj’’ consolidated. 
L.U. beginning consolidation 

6B 

24 

Same lobe 

5 

26 days 

12 < 20 

R.L. completely consolidated 

lOB 

24 

Same lobe 

3 

3 wks. 

15 = 14 

R.L. r completely 

R.M.\ consolidated 

R.U. partly consolidated 
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r Killed during Final Infection 


Histological study of lesoas 
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cellular infiltration surrounded by a zone of edema-filled air sacs. The cellular 
exudate was composed of polymorphonuclear leucocytes and red blood cells. In 
one dog, No. lOD, pneumococci were abundant in all portions of the lesion, lying 
chiefly within the alveoli, but also present in the alveolar walls. On the other 
hand, very few pneumococci could be detected in the pulmonary process in Dog IS 
and these were all intracellular. In this respect it differs from the primary lesion 
at 3 hours. 

6 Hour Lesions . — By the end of 6 hours the character of the inflammatory reac- 
tion in the lungs of the recovered dogs began to show certain distinct differences 
from similar aged lesions of tlie initial infection. In the gross, the lesions were 
larger and of a firmer consistency. In several instances they comprised three- 
fourths to four-fifths of the entire lobe (Table II), whereas primar)^ lesions of this 
age, and produced by equivalent dosage, involved less than half the lobe. On 
microscopic examination, the four dogs reinfected in a previously involved lobe 
showed an intensity of intra-alveolar cellular infiltration analogous to that observed 
in the 12 to 15 hour stage of the primary process. Likewise there was less general- 
ized hemorrhage and more perivascular and peribronchial edema than seen at the 
end of the 6 hour period in the first infection. 

The most striking histological change at this time was the appear- 
ance of numbers of large mononuclear cells present in the alveolar 
septa, the perivascular tissues and free in the intra-alveolar exudate. 
This cellular reaction, exhibited by three of the four dogs, was similar 
to that which we have described previously (4) as occurring wher- 
ever resolution of the pneumonic process is taking place. In the 
primary infection it has not been observed to occur before 48 to 72 
hours after the initiation of the experimental disease except in very 
occasional instances where small areas of beginning resolution have 
been detected at 24 hours. The several stages in the development of 
this characteristic response of the fixed tissue cells are shown in Figs. 1 
to 4. The first manifestations of the reaction are an increase in the 
number and size of large mononuclear cells in the septa and an ac- 
cumulation of mononuclear cells around the smaller blood vessels 
(Figs. 1 and 2}., Certain of these cells are seen to be protruding into 
the alveolar spaces. As the process develops, the number of large 
cells in the alveolar walls increases, producing a definite thickening of 
these structures (Fig. 3). There is a progressive liberation of the large 
mononuclears into the air spaces where they are observed to assume 
the functions of the free histiocyte or macrophage. With the further 
evolution of the reaction these cells replace the polymorphonuclears 
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and become the predominant cell of the t h i nnin g pneumonic exudate 
(Fig. 4). While we have no evidence that all or even the greater part 
of the newly appearing large mononuclear cells in the tissues are po- 
tential macrophages, we do know from the cytological studies which 
Kxedel and Van Sant made in this laboratory’ that the majority of the 
large mononuclears in the exudate of the resolving pneumonic proc- 
ess are true macrophages. The term “macrophage reaction” which 
we have employed to designate this phenomenon includes both the 
structural and functional changes observed. 

The lesion in two of the three dogs showing the macrophage reaction was pro- 
duced within the limits of time observed to be necessar>’ for the lung to regain its 
normal structure following recover^’; i.e., 1 to 2 weeks. Thus the cellular picture 
in Dog 42E, reinfected 5 days after recovery' from the preceding attack, represents 
to a large extent a subsiding macrophage reaction as evident by the characteristic 
changes seen in the uninvolved tissue. However, Dog 20B reinoculated 11 days 
subsequent to the antecedent infection showed in all probability a newly develop- 
ing fixed tissue cell reaction since the lung tissue around the inflamed area appeared 
normal 

The fifth "6 hour” dog (No. 5E) which received its second infection in a lobe 
not previously involved, showed a pulmonary lesion essentially similar to the 6 hour 
primary process. 

Pneumococci were found in the lesions of four of the five dogs killed at this time 
and were most abundant in that of the animal infected in a previously uninvolved 
lobe. Phagocytosis, by both polymorphonuclear leucocytes and macrophages 
within the alveolar exudate was observ'ed. Heart’s blood cultures made at the 
time of autopsy' were sterile in every case. 

12 Hour Lesions . — Of the five dogs sacrificed at the end of 12 to 16 hours, three, 
Nos. 46E, 6C and 27H, were infected in a prewously involved lobe while the other 
two. Nos. 38D and 15H (Table II) received their infecting dose in a hitherto 
uninvolvcd lobe. The resulting inflammatory reactions differed both macro- 
Ecopically and microscopically in the two sets of animals. The lesions produced in 
lobes which had been the site of a previous process were smaller and more intensely 
consolidated than were those occupying lung tissue involved for the first time. 
They had apparently progressed little in extent from the 6 hoar stage but had 
increased decidedly in density. On microscopical examination the intensity and 
uniformity of the intra-alveolar cellular exudate was considerably greater in the 
former group of dogs. Likewise these three dogs showed a generalized macrophage 

^ ’ These authors, in a study to be published soon, made differential counts of the 
\ itally stained cells in the inflammatory exudate of dogs killed at \’arious stages of 
experimental lobar pneumonia. 
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reaction which was not observed in the lesions of the other two. In two of the 
three lesions occupying the site of an earlier infection, pneumococci could not be 
found, either in microscopic sections or by culture. This early sterilization of the 
inflammatory process is in marked contrast to the abundant and widespread 
presence of pneumococci in the corresponding primary lesion produced by the same 
or smaller amounts of culture. The lesion of the third dog of this group showed 
about as manj’^ microorganisms as were observed in the newly involved lobes. 
The pneumococci were few or absent in those areas where cellular infiltration was 
intense and abundant at the growing edge of the lesion. Heart’s blood cultures 
made at autopsj'' were sterile in every case. 

24 Hotir Lesions . — ^Eight dogs were sacrificed-at the end of 24 hours. Of this 
number six received their infection in a lobe previously involved while in two the 
final lesion was produced in an area which had not been the site of earlier infection. 
The clear-cut differences in the character of the inflammator}'' reaction of these 
two kinds of tissue loci that were obser\'ed in the 6 and 12-16 hour lesions could 
not be detected at this stage of the process. The extent of involv'ement in dogs 
reinfected in the same lobe exceeded in three instances that in the two animals 
infected in a new lobe. In all three of the former dogs there was extension of the 
process to other lobes while in only one of the two latter dogs did this occur. Bac- 
teremia occurred in one case in each group. The dosage was the same in all these 
instances. Microscopic examination likewise failed to reveal any consistent 
difference in the lesions produced at these two sites. The character of the lesion 
in three of the dogs. Nos. IIG, 16G and 4H, differed in no essential way from the 
primary process of the same age produced by doses of culture from which recovery 
regularly ensues; i.e., the alveoli were moderatel}’- distended with an e.xudate 
consisting principally of poljanorphonuclear leucocytes with a varying number of 
red blood cells, while here and there were air sacs partly or completely filled with 
edema fluid. Five of the dogs. Nos. 3E, 6B, lOB, 24B and 22H, however, showed 
a macrophage reaction in varying degree. In four this cellular change was wide- 
spread, a condition which has not been observed in the primary process at 24 hours. 

In the lesions of two of the dogs showing a macrophage reaction, pneumococci 
were not found, either by microscopic examination or culture. In the other two 
with a similar degree of this type of cellular response, pneumococci were present 
in the lesions but not abundant. On the other hand, pneumococci in considerable 
numbers were observed to be distributed throughout the inflammatory area in the 
three dogs showing no macrophage reaction. In the lesion of Dog 3E, pneumo- 
cocci were very few or absent in the oldest part which showed an early beginning 
of the macrophage response but were present in large numbers in the more recently 
involved areas characterized by a cellular reaction predominantly polymorphonu- 
clear in nature. An analogous distribution of pneumococci in relation to the pres- 
ence of macrophages was observed in the pulmonary lesion of Dog 22H. 

The differences observed in pathogenesis between the primary in- 
fection and the secondary or subsequent ones may be summarized as 
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follows: Secondary lesions initiated in the lobe previously affected 
evolve much more rapidly than do the primary ones during the first 
12 to 16 hours. They are characterized by the early appearance of a 
generalized macrophage reaction and a marked diminution in niunbers 
of pneumococci in the tissues or their complete disappearance. On 
the other hand, if the recurrent infection has been initiated in a lobe 
not involved in the first attack the histological picture of the lesion is 
like that of the primary infection produced with a non-fatal dose. 
However, it differs markedly from a primary infection caused by an 
equivalent dose, in that the cellular infiltration is much more intense 
and even, there is less hemorrhage, the pneumococci are fewer in 
number and a greater proportion are intracellular. By the end of 24 
hours there was little further change in the lesions except spreads to 
other lobes which occurred in some instances. The dogs sacrificed 
at this time showed more diversity in their pulmonary pathology than 
did those studied at an earlier stage. Some of the lesions resembled 
those of a similar age in the primary infection but the majority showed 
the cellular picture and the distribution of pneumococci described 
above which is seen only in the lung at the time of recovery and has 
not been observed in the initial process until the end of 48 to 72 hours. 

The number of instances in which spread to other lobes occurred in 
this series of eight animals sacrificed at 24 hours is much higher than 
that observed in the animab allowed to sxirvive. It b true that X-ray 
is not as informative as actual inspection but it will reveal any extent 
of consolidation. It b of interest in thb connection to note that more 
than half this series of dogs showed a drop of white count instead of 
the customary rise observ^ed in the great majority of reinfected dogs. 
Dog 3E, showing the most marked involvement, had the greatest 
degree of leucopenia. Yet the blood of this animal was sterile at 
autopsy. A marked leucopenia during a primary infection has, in 
our experience, always been accompanied by bacteremia. What the 
outcome of the dbease in Dog 3E would have been we cannot certainly 
say since with the single exception noted earlier none of the reinfected 
dogs have died, even with doses much larger than this animal received. 
Dogs infected for the first time have not sur^rived when more than 
half the total lung area was involved. 
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DISCUSSION 

Prior to the recent important contribution of Finland and Winkler 
(5) our knowledge concerning immunity following recovery from lobar 
pneumonia was very meager. These authors have reported the de- 
tailed study of 57 cases undergoing recurrent attacks of the disease. 
As a result of this we now have for tlie first time concise information 
concerning the susceptibility of human beings to repeated infection 
with pneumococci of the same type. Their data show that the dis- 
tribution of pneumococcus t3^pes in the recurrent attacks of lobar 
pneumonia is about the same as that occurring in the primary in- 
fection; i.e., one attack of the disease does not confer on the individual 
permanently increased resistance against a subsequent pulmonary 
infection with the homologous type pneumococcus. Nor on the 
contrary does it render them more susceptible. The recurrent attacks 
with all types were of about the same intensity and duration as the 
initial ones, although bilateral involvement and atypical or broncho- 
pneumonias were more common and the incidence of bacteremia 
slightly less in the former. 

Our findings in dogs appear at first sight to differ from these observa- 
tions in human beings. However, analysis of the two sets of data 
brings out the fact that they cannot be compared closely since the 
time intervals between attacks are not analogous. In Finland and 
Winkler’s series of twenty Type I pneumonias undergoing twenty-one 
recurrent attacks caused by the same type pneumococcus, only one 
occurred in less than a year after the first attack while in our experi- 
mental series all but one of the 54 repeated infections were produced 
at intervals of less than a year — ^most of them a few weeks to several 
months apart. May not the infrequency of secondary attacks of lobar 
pneumonia noted by Finland and Winkler during the first year or so 
following the preceding infection have been due to a temporarily in- 
creased antipneumococcal resistance? 

The only available experimental data which bear directly on this 
subject are those of Cecil and Blake (6). These authors, in a study 
of active immunity following experimental pneumococcus pneumonia 
in monkeys, found definite differences between Type I on the one 
hand and Type III and Group IV on the other. Reinfection of two 
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monkeys recovered several weeks previously from a Type I pneu- 
monia resulted, in both instances, in a very mild transient disease 
course, while several animals recovered from pneumonia due to Type 
in and Group IV developed just as severe and prolonged a pneumonia 
following a second infecting dose of the homologous pneumococcus as 
they had shown in the first attack. 

Our experiments show clearly that one attack of lobar pneumonia 
confers on the dog considerably increased power to localize and limit 
the spread of a second p ulm onary infection produced by the same 
type pneumococcus. To what altered reactivity on the part of the 
dog’s tissues is this heightened resistance to be attributed? The 
inconstant presence of demonstrable humoral immun e substances in 
the blood of dogs recovered from one or more attacks of the experi- 
mental disease makes it difficult to ascribe the dogs’ increased im- 
munity to this factor alone. Again, the occurrence of leucocytosis 
accompanjdng the secondary attacks following infecting doses which 
at the the initial attack regularly produced a leucopenia, imdoubtedly 
mdicates a favorable response on the part of the diseased animak 
But it seems unlikely that this reaction could have been the deter- 
mining element in the control of the disease process since the increase 
in the number of circulating leucocytes was no greater than observed 
often in the initial infections and occasionally it was only slight. 

The most significant and possibly the only definite evidence of the 
nature of the recovered dog’s increased resistance lies, we believe, in 
the characteristic changes in the fixed tissue cells observed in the pul- 
monary' lesion early in the course of the secondary' or subsequent in- 
fections. The basis for associating this reaction with heightened 
tissue immunity' to the pneumococcus rests on the following obser\'a- 
tions: (1) The transformation of the septal and perivascular histio- 
cytes, or macrophage reaction, occurs regularly at the time of recovery 
from the initial attack of e.xperimental lobar pneumonia and is accom- 
panied by resolution. VTiether this reaction is of primary or sec- 
ondary importance in the process of recovery we do not know, but 
the fact that it begins in the secondary lesion while the inflammatory 
process is still extending, and that this secondary process is of more 
limited extent and of briefer duration than the primary one suggests 
tiiat it plays a role in the control of the infection. (2) Our observa- 
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tions on the distribution of pneumococci in the lesions of the rein- 
fected dogs showed consistently that microorganisms were diminished 
in number or absent in the regions where the macrophage reaction was 
most pronoimced, and not infrequently lesions showing this reaction 
to a well developed degree were found to be sterile on culture. Pri- 
mary lesions of a similar or much greater age were always found to 
contain pneumococci — ^usually in considerable numbers. (3) The 
finding that the macrophage response occurs earlier in the lesions pro- 
duced at the site of previous infection than it does in secondary lesions 
initiated elsewhere in the lung indicates at least an increased re- 
activity of the local tissue cells to the pneumococcus. As to whether 
the action of the macrophages is principally phagocytic in nature or 
whether they exert other effects we have no data. 

It must be granted that our information on this subject is incom- 
plete. Certain animals of the series, particularly some among those 
killed at 24 hours after the inception of the infection, failed to reveal 
the characteristic reaction of the fixed tissue cells yet showed by the 
degree of localization of the lesion that they possessed increased re- 
sistance to the pneumococcus. We suspect from our observations 
that there are marked individual variations in the time at which this 
reaction occurs as well as in its degree. Time elapsing between in- 
fections may well play a r61e in the histological response although the 
time factor, within the limits observed, did not appear to be important 
in the degree of resistance exhibited by the dogs to reinfection. 

The observations of other workers on the macrophage response of 
lungs to the presence of pneumococci are of much interest in connec- 
tion with this work. Stuppy, Cannon and Falk (7) found that 
rabbits immunized by means of the intrabronchial insufflation of 
killed pnemnococci, Types I and II, survived lethal doses of the homol- 
ogous microorganism similarly administered. Examination of the 
lungs of such rabbits killed within 24 to 48 hours after the infecting 
dose showed a marked proliferative and exudative type of reaction 
in which the macrophage was the predominant cell of the inflamma- 
tion. They inferred from their data that this local cellular response 
of the lung was definitely associated with increased specific immunity 
to the pneumococcus. In a study of local immunization of the lungs 
to the staphylococcus and B. coli, Tuttle and Cannon (8) found a 
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marked proliferation of the macrophages and a similar distribution in 
the form of perivascular collars that we observed in the lungs of our 
dogs undergoing recurrent pneumonia. Fried, who has made exten- 
sive investigations on the macrophage system of the lungs (9), partic- 
ularly in relation to the tubercle bacillus, stresses the importance of 
the role played by the macrophages in the lungs’ defense against 
pathogenic microorganisms. 

SUMUARV 

A study has been made of repeated attacks of experimental lobar 
pneumonia in the dog produced by the intrabronchial injection of 
Pneumococcus Type I. Twenty-five individual dogs were given 78 
infections in all at intervals of 3 days to 19 months. The number of 
attacks to which a single animal was subjected varied from two to 
eleven. It was foimd that recovery from this experimental disease 
conferred on the animal increased resistance against subsequent in- 
fections as shown by the fact that such animab regularly survived 
doses of culture which in the dog infected for the first time produced 
a fatal outcome. The recurrent attacks of pneumonia were uniformly 
mild in character; the febrile course was brief; the pulmonary lesion 
was usually confined to a single lobe, and bacteremia seldom occurred. 
There was no detectable difierence between the second and the subse- 
quent infections, which could be produced whenever desired, nor did 
the time intervals between attacks appear to bear any relationship to 
the severity of the experimental dbease. Tests for acquired anti- 
pneumococcal immune substances in the blood after recovery showed 
their presence in some animab and not in others, yet dogs without 
demonstrable humoral immunity appeared to be just as resbtant to 
reinfection as those possessing it. 

A comparison of the pathogenesb of these secondarily induced 
lesions v.nth those of the initial infection revealed certain striking 
differences between the two. Secondaiy lesions produced in the lobe 
previously affected tended to evolve much more rapidly than did the 
primarj' ones. They were characterized by the earty appearance of 
a generalized macrophage reaction and a marked diminution in the 
numbers of pneumococci in the tbsues or their complete absence. 
These changes occurred more slowly in secondaiy lesions initiated in 
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hitherto uninvolved lobes. The macrophage reaction, which con- 
sists of a swelling of the fixed tissue cells (histiocytes) and a subse- 
quent liberation of macrophages into the alveolar exudate, is regarded 
as a significant evidence of increased antipneumococcal resistance, 
since it has been observed to occur regularly at the time of recovery 
from the first infection and is accompanied by the local disappearance 
of the invading microorganisms. 
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EXPLANATION OF PLATES 

The stain used was a modification of the Gram-Weigert devised b}’’ Mrs. H. M. 
Wallace. 

Plate 7 

Fig. 1. Dog 27H, KiUed 16 hours after the inception of the e.\perimental 
disease. Lesion shows beginning macrophage reaction as indicated by an increase 
in the number and size of the large mononuclear cells in the alveolar walls. X 750. 

Fig. 2. Dog 27H. Accumulation of mononuclear cells around a small blood 
vessel; another manifestation of a beginning macrophage reaction. X 600. 

Plate 8 

Fig. 3. Dog 43E. Killed 6 hours after the inception of the experimental 
disease. Lesion shows thickening of the alveolar walls characteristic of the evolv- 
ing macrophage reaction and due principally to the presence of large mononuclear 
cells. X 640. 

Fig. 4. Dog 43E. Area of well advanced macrophage reaction. Many large 
mononuclears have been liberated into the alveoli where they assume the appear- 
ance of macrophages. X 650. 
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TESTS FOR PNEUMOCOCCUS HYPERSENSITR^NESS IN 
DOGS AFTER RECO^^ERY FROM EXPERIMENTAL 
PNEUMOCOCCUS LOBAR PNEUjMONIA 

By LOWrELL T. COGGESHALL, M.D. 

{From the Bepartmenl of Medicine of The University of Chicago, Chicago) 

(Received for publication, November 19, 1934) 

There are certain clinical and experimental data indicating that 
allergy or hypersensitiveness may play an important role in the pro- 
duction of pneumococcus lobar pneumonia. 

Lauche (1) has pointed out that infants under 4 months of age seldom contract 
lobar pneumonia. This apparent insusceptibility he attributes to their not yet 
having had opportunity to become sensitized to the pneumococcus. He contends 
that as individuals grow older they come into contact with the pneumococcus or 
even contract mild unrecognizable infections until an occasion may occur when the 
microorganisms invade the lung tissue and produce a marked infection. The 
basis of this infection in a sensitized individual is the localization of pneumococci 
in the hilum Ijunph nodes or hilum, producing an inflammation which obstructs 
the IvTiiph flow and reverses its direction toward the periphery* thereby carr>-ing 
the organisms into the lung parenchjTna. Lausche believes that the rapid onset 
of the pneumonic infection is an allergic phenomenon occurring in a sensitized 
individual. 

Wadsworth (2) was the first to note that after intratracheal inoculation with 
pneumococcus cultures a localized inflammation was produced only in animals 
pre\-iously immunized by means of killed cultures of pneumococci. Recentl}' 
Sharp and Blake (3) have shown that pneumococcus autolysates produce an 
exudative inflammatory' pulmonary lesion in sensitized rabbits, and that there is a 
close parallelism between cutaneous and pulmonary hypersensitiveness. 

From the observ'ations of Tillett and Francis (4) it was shown that a protein- 
free, type-specific polysaccharide of the homologous pneumococcus elicits an 
immediate wheal type of reaction when injected into the skin of patients recovering 
from pneumococcus lobar pneumonia. However, Finland and Sutlifi' (5) obtained 
sk n reactions with the specific pneumococcus polysaccharides in a number of 
hospital patients who had no recent history of pneumonia. 

Mackenzie (6) showed that intraperitoneal injections of killed and living broth 
rallures of v-irulcnl pneumocoed produce in guinea pigs a high degree of active 
immunity and a scrum with strong protective power. But guinea pig immunity 
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to the pneumococcus by the above described method was not attended by cuta- 
neous allergy to derivatives of the pneumococcus used for immunization. At the 
same time Mackenzie and Woo (7) injected guinea pigs with an alkaline pneumo- 
coccus extract. In about two-thirds of their animals an allergy was produced 
similar to the allergic response of the tubercle bacillus, but the animals showed no 
significant alteration in susceptibilitj' to pneumococcus infection by intraperiloneal 
inoculation. Zinsser and Mallorj' (8) proved that guinea pigs can be artificially 
sensitized to bacterial products. Furthermore, they believe that an actual infec- 
tion is a better means of sensitizing an animal than is the artificial administration 
of bacterial antigens. Bull and McKee (9) definitely showed tliat rabbits having 
recovered from an acute pneumococcus infection were h 3 T>ersensitive to an auto- 
lysate of the homologous organism. This hypersensitive state was obser\’^ed 
within 48 hours and lasted as long as 4 months. Also rabbits immunized witli 
killed and living organisms were found to be hj'persensitive to the pneumococcus 
autolysate. However, immunization b}’’ the above means did not produce as 
high a degree of sensitivity as did infection. Reimann (10) has recentl}' published 
an excellent critique of the literature relating to allergy and pneumococcus lobar 
pneumonia. 

We have made an attempt to throw further light on this subject b)’’ 
observing the pulmonary and cutaneous reactions to pneumococcus 
autolysate in dogs recovering from experimental pneumococcus lobar 
pneumonia. As far as we can find there have been no studies of 
pneumococcus hypersensitiveness in tliis animal. The experimental 
disease produced in the dog, wlficli we have described elsewhere (11), 
resembles human lobar pneumonia more closely than tliat so far in- 
duced in any other .animal with the exception of tlie monkey (12). 

Methods and Materiah 

Male dogs were used exclusive^. Their weights ranged from 10 to 15 kilos. 
They were healthy in external appearance and very active. All were isolated for 
a preliminary period of at least 1 week and temperatures taken; any animal with 
an elevated temperature was discarded. Thej’’ were fed a normal diet of meat, 
carrots and bread ground into a hash, plus cod liver oil, the latter given three times 
Aveekly. 

Fourteen dogs, as shown in Table I, were infected with Tj^pe I and Type II 
virulent pneumococci. Dosages ranging from 0.02 to 1 cc. of culture suspended 
in a broth-starch mixture were placed directly into a terminal bronchiole of tlie 
lung bj’’ means of a No. 11 F. ureteral radio-opaque catheter with tlie dog under the 
fluoroscope (11). The animals were infected on twenty-three different occasions; 
three of them. Nos. 6B, 15B and 23B, received four or more infections each, at 
various time intervals. The cliaracter of tlie initial and subsequent attacks in 
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these animals has been described in the preceding study of ■srhich this series of dogs 
formed apart (13). 

At various intervals, from 2 days to 2 months following recoverj’ from the 
initial or recurrent attacks, Tj^pe I pneumococcus autolysate was injected directly 
into the previously affected lobe by the use of the radio-opaque catheter. The 
initial dose was 0.5 cc. Later 1.0 cc. was administered. The autolysate was also 
injected intracutaneously in amounts of 0.2 cc. to determine the presence or ab- 
sence of skin sensitivity. Temperature and pulse rates, white blood cell counts, 
total and differential. X-rays of the lungs and reinfection were utilized to detect 
increased sensitivity. Tests for the pneumococddal-promoting activity of in- 
activated serum were also carried out with a view to determining the possible 
relationship of acquired immune bodies to allergy. The method used for deter- 
mining the presence of this serum property was that devised by Robertson and 
Sia (14). ^Mixtures of heated diluted dog serum and washed rabbit leucocytes 
and semm seeded with varying numbers of pneumococci were agitated in the 
incubator and tested for sterility at the end of 72 hours. 

Preparation of Autolysates . — The autolj'sates were prepared according to the 
method used by Sharp and Blake (3). The preparation was standardized on the 
basis of nitrogen content. In the ^•arious lots the content of nitrogen ranged from 
134 to 160 mg. per 100 cc. of autolysate. The potency' of the autolj'sate was 
ascertained by testing rabbits sensitized to the pneumococcus. Intracutaneous 
injection of these animals was followed in 24 hours by the characteristic urticarial 
reaction. 


EXPERIiCENTAI. 

Pulmonary Reaclions. — Seven dogs received intrapulmonary injec- 
tions of the pneumococcus autolysate at varjdng time intervals of 1 
week to 2 months following an attack of the experimental pneumonia. 
Four of the seven dogs. Nos. 6B, 15B, 22B, and 23B, showed a definite 
shadow by X-ray at the site of the injection. The three remaining dogs, 
Nos. 2B, 3B and lOB, which had received similar previous infections, 
showed no pulmonaiy lesion by X-ray. The pulmonary lesions when 
present were best seen 24 hours after injection. At the end of 48 
hours thej' were clearing up or had disappeared entirely. The X-ray 
shadows averaged 4 cm. in diameter and in no single instance were 
thej' large enough to conform to the boundaries of anj- one lobe, 
^lerc was no difference in the size of the lesion whether the dogs were 
injected within 1 week after an infection or if they were allowed to rest 
as long as 2 months. Also, dogs with repeated autoh'sate injections 
reacted in the same manner on each occasion. Likevsisc, there was 
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no relationship between the severity of the preceding infection and 
the presence or extent of the autolysate lesion in the lung. 

In the control series, three normal dogs, Nos. 36B, 37B and 3X, 
showed a definite pulmonary lesion by X-ray after autolysate injec- 
tion. The appearance of these lesions was indistinguishable from 
those seen in the recovered dogs. In two otlier normal dogs. Nos. 
9B and lOB, no reaction to the autolysate could be detected. 

Cutaneous Response to the Autolysate. — Observations on the skin 
tests were recorded every 2 hours for the 1st day and tlien twice daily 
for 1 week after intradermal injections of the autolysate. A positive 
response was not elicited in any of the animals. In one dog (No. 15B) 
there was a small hemorrhagic area at the site of injection at 12 hours 
which, however, had none of the characteristics or appearance of a 
wheal reaction. 

Reinfection. — ^It has been shown in this series of dogs and in tlie 
preceding report (13) that the second and subsequent attacks of 
experimentally induced lobar pneumonia are not only no more severe 
but are definitely milder than the first infection. Two dogs, Nos. 
22B and 23B, were infected on three different occasions, each inocula- 
tion being done as soon as the previous infection had cleared up. On 
the last inoculation the dose was 0.25 cc. of culture, one that was 
usually lethal. However, each infection was very mild and the course 
of the disease after the large dosage was also mild, terminating by 
crisis on the 4th day. An inoculation of 1 cc. of a culture, known to 
be lethal in this amount under ordinary circumstances, was then given 
to Dog 23B, which likewise promptly recovered on the 4th day. 

Two dogs. Nos. 9B and lOB, were given an injection of autolysate 
before the first inoculation. All of the remaining animals were inocu- 
lated previous to autolysate administration. Subsequent infections 
in both groups were similar in intensity and in duration. There was 
no evidence to suggest that administration of the pneumococcus 
autolysate had altered the disease in any manner. 

Acquired Humoral Immunity. — In five of the animals repeated tests 
of the pneumococcidal-promoting activity of the dogs’ serum were 
made before and after infection and intrabrondiial autolysate injec- 
tion. Two of the five dogs tested (Table I) showed the presence of 
acquired humoral immune substances when the autolysate was given. 
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In botli these animals immune substances appeared in the blood after 
the initial autolysate injection, which was made before the first in- 
fection. Subsequent infections did not increase the titer of these im- 
mune bodies. In the third dog, No. 15B, acquired humoral immunity 
did not appear imtil after the third attack of the experimental disease. 
Thus the presence or absence of humoral immune substances could 
in no way be associated with the lack of detectable h 3 'persensitivity 
to the pneumococcus. 

Taiiperatiire, Pulse, While Blood Counls . — ^No febrile reaction was 
observed in any of the animals after intratracheal or intradermal ad- 
ministration of autolysate, but in many instances the pulse rate in- 
creased for a short period of time. Leucocytosis as noted in the 
protocol was usually present. However, it has been shown in a later 
e.\-periment that normal dogs after an intramuscular injection of 
morphine develop an elevated white count. The explanation of this 
is probably that most of the morphinized dogs salivate, vomit and 
have several loose stools, thereby becoming dehj’-drated. Eosinophilia 
was not obser\'ed in any of the animals. 

Pathology . — ^Four dogs were given intrapulmonary injections of 1 
cc. of pneumococcus autolysate and were killed at the end of 24 hours 
for the purpose of microscopical examination (Table I) The time 
interv'al of 24 hours wap<Klected because fluoroscopy revealed that 
the pulmonary lesion was of the greatest extent at that time. In 
this e.xperiment the same lot of Tj^pe I autolysate was used in all 
four animals. Dog 3X was presumably a normal dog; No. 25D was 
a dog that had recovered from a Tjqje I pneumococcus pneumonia 
6 months prcviouslj’; No. 34D had recovered from a similar infection 
10 days before; and Dog 42D was given 25 cc. of unconcentrated 
T\*pe I antipneumococcus serum 6 hours before administration of the 
autolysate. 

The lesions in all four dogs were of a deep mottled red color with 
irregular edges. Thej" were approximately 3 cm. in diameter and on 
palpation slightly crepitant. 

On microscopical examination certain differences between the lesions 
of the two recovered dogs on the one hand, and the normal and im- 
mune scrum-trcatcd dogs on the other, were noted. The inflamma- 
tor\- exudate, of rather a diffuse nature in all four animals, was 
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definitely more cellular in the two dogs recovered from previous in- 
fection and resembled a lobular pneumonia, partly coalescent. In 
the areas of intense cellular infiltration pol 3 Tnorphonuclear leucocytes 
predominated. In the less infiltrated parts a considerable number of 
mononuclear cells were present — ^many of the macrophage type. 
Some of these were observed to be arising locally but there was no 
definite thickening of the alveolar walls such as is observed regularly 
when macrophages appear in the exudate at the time of recovery from 
experimental lobar pneumonia (15). However, the lesions in both 
these animals showed marked perivascular accumulations of large 
mononuclear cells, characteristic of the macrophage reaction, wliich 
we have described as occurring early in the evolution of the secondarily 
induced (recurrent) infections (13). 

The exudative process in the normal dog and the dog previously 
injected with type-specific antipneumococcus serum was more edem- 
atous and hemorrhagic than that above described. Large mononu- 
clear cells were fairly frequent in the cellular exudate but a smaller 
percentage of these appeared to be typical macrophages. While the 
lung of the normal dog showed slight, if any, increase in the number of 
perivascular mononuclear cells, this reaction was present in the lesion 
of the serum-treated animal although not nearly as marked as that 
observed in the recovered dogs. 

An adequate estimate of the significance of these differences would 
require considerably more data than we have obtained. However, 
the results of this and previous studies suggest that the fixed cells 
of the lung tissue which have been subjected to a previous pneu- 
mococcus infection, react much more quickly to the presence of the 
pneumococcus or its products than do the cells of the normal lung. 

SUMMARY AND CONCLUSIONS 

The data derived from the above described investigations indicate 
that dogs do not develop hypersensitivity to the pneumococcus as the 
result of experimental lobar pneumonia. This inference is based on 
the following findings: 

1. Fifteen dogs were given Type I and Type H pneumococcus 
lobar pneumonia and following recovery were tested for hypersensi- 
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tiveness by means of intrabronchial and intracutaneous injections of 
the autolysate made from the homologous pneumococcus. 

2. Seven dogs shovred a pulmonarj’’ lesion discernible with the X- 
ray at site of the autolysate inoculation; three of these dogs were 
normal controls. 

3. No evidence of a positive shin reaction was found in any of the 
fifteen dogs, many of which received repeated infections and intra- 
dermal autolysate injections. 

4. Subsequent infections in the same animals were definitely milder 
than the initial infection. 

5. The infections following the a dmini stration of intrapulmonary 
and cutaneous autolysate were practically of the same intensity as 
the initial infection. 

6. Temperature, pulse rates, white blood cotmts and difiierential 
blood pictures showed no significant variations following intrapul- 
monary injection of autolysate. 

7. Tests for the acquisition of humoral immune bodies foUowing 
autolysate injection and recovery from the experimental disease 
showed the presence of these substances in some of the dogs and their 
absence in others. 

8. Study of the pathology of the pulmonary lesions produced by the 
autolysate failed to reveal histological changes characteristic of an 
allergic reaction. However, the presence of perivascular accumula- 
tions of large mononuclear cells observed in the lesions of the recovered 
dogs does suggest a locally accelerated reactivity of the fixed tissue 
ccUs to the products of the pneumococcus. 
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THE DEVELOPMENT OF PURE CULTURES OF FIBRO- 
BLASTS FROM SINGLE MONONUCLEAR CELLS 

By JOHANNES K. MOEN, M.D. 

{From the Hospital of The Rock^eller Institute for Medical Research) 

Pl-MES 9 TO 11 

(Received for publication, November 2, 1934) 

Fibroblastic or fibroblast-like transformation of blood mononu- 
clear leucocytes in tissue culture was first reported by Awrorow and 
Timofejewskij (1). Carrel and Ebeling (2), working with chick buffy 
coat explants, believed the transformation to be an adaptive phenom- 
enon of the monocyte to an unfavorable environment, since the 
fibroblast is a more resistant ceU. Fischer (3) found that special con- 
ditions, such as adding dead muscle tissue to the cultures, were nec- 
essary for fibroblastic metamorphosis of chick mononuclear cells, 
hlaximow (4), in a detailed study of fibroblastic growth from guinea 
pig, monkey, rabbit and chick buffy coat explants, observed that there 
were certain spedes differences and that guinea pig non-granular leu- 
cocytes transformed into fibroblasts most readily. Bloom (5) also 
described polyblastic and fibroblastic mutations of rabbit lymph cells 
in tissue culture. 

VTiile studj-ing the reaction of cells from infected animals to bac- 
terial products (6), it was again observed (Figs, f and 2) that lu.xuriant 
growths of fibroblasts frequently developed from guinea pig buffy 
coat e.xplants. Beginning fibroblastic growth usually occurred 4 to 
6 days after c.xplantation. Further analysis indicated that there was 
a definite correlation between the age of the animal, cellular type and 
fibroblastic growth potentialities of the e.xplants. Buffy coats from 
younger animals contained a higher percentage of mononudear cells, 
particularly lymphocytes, and also developed greater fibroblastic 
growths. 

The object of the present study was to determine whether pure 
cultures of fibroblasts derived from single cells could be devdoped bv 

247 



248 


CULTURES PROM SINGLE MONONUCLEAR CELLS 


using mononuclear cells as progenitors. This seemed feasible because 
fibroblastic transformations occurred readily, and suitable suspensions 
of individual mononuclear cells could be made with minimal trauma. 

Unsuccessful efforts, chiefly by Fischer (7), to grow pure cultures of 
fibroblasts from single cells were ascribed by liim to unsatisfactory 
environmental conditions or to manipulative trauma of the cells. 
Burrows (8) stated that while single cells may move in plasma medium 
they do not grow, and expressed the opinion that cells can grow only 
when crowded together in an environment where accumulation of 
certain normal metabolic products acts as a stimulus for proliferation. 

EXPEREUENTAL 

Preparation of Mononuclear Cellular Suspension . — Several methods for obtain- 
ing a mononuclear ceUuIar suspension were tried and discarded before a satisfac- 
tory plan was perfected. Cells aspirated into a fine capillary pipette from minced 
bu6y coat failed to grow, probabty because of the excessive trauma entafied in the 
manipulation. A mononuclear exudate consisting almost entirely of monocytes 
and clasmatocytes was then produced by the injection of paraffin oil intrapleurally 
into medium sized guinea pigs. The exudate, removed aseptically by opening 
the thorax of the pig 5 days after the oil injection, contained many mononuclear 
cells filled with ingested oil droplets; and although some of them apparently pro- 
liferated in tissue cultures this method was discarded for one yielding more normal 
exudative cells. 

The best mononuclear cell incitant for our purposes was the intrapleural injec- 
tion of low melting point wax. Normal guinea pigs weighing between 300 and 
400 gm. were lightly etherized. A small incision was made through the clipped 
skin of the right chest on the lateral aspect in the mid-thoracic region. Using 
a medium caliber needle 0.5 cc. of fluid parowax (a widely used commercial wax 
for household purposes, melting point 48-50'’C.) was injected into the pleural 
cavity. At body temperature this wax congeals into a soft pliable mass. Cau- 
tion was taken not to inject the wax while too warm. The injection was per- 
formed quickly and with minimal trauma, since, as indicated later, the avoidance 
of even slight hemorrhage into the pleural cavity was necessary for satisfactory 
experimental conditions. After 3 to 14 days the mononuclear exudate was re- 
moved; the most satisfactory time was found to be 5 to 7 days, because after more 
extended periods various amounts of amorphous debris accumulated, probably 
due to degenerated cells, and this seemed to affect proliferation of isolated cells 
adversely. The animal was killed by a sharp blow on the head and exsanguinated 
as completely as possible by severing the neck vessels. After the heart had ceased 
beating the thorax was opened under aseptic precautions and great care was tak^ 
to prevent red blood cells from entering the pleural cavity. No macroscopic 
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exudate vras visible about tbe pliable mass of wax. The right pleural cavitj was 
then gently irrigated with 1 or 2 cc. of TjTode’s solution and the suspension re- 
moved. A properly prepared cdlular suspension was practically water-clear and 
contained few gross particles. - A cell count of the suspension was then made and 
serial dilutions in Tyrode’s solution were so arranged that 0.1 cc. of the suspension 
contained from one hundred to several thousand cells. 

Supravital studies of the cells with neutral red and Janus green, according to 
the method described by Sabin (9), showed them to be almost entirely mono- 
nuclears chieflj' of the monocytic type with a smaller percentage of Ijunphocytes 
and a few clasmatocj’’tes. The proportion of lymphocytes ranged between 5 to 
20 per cent, the higher percentage resulting from more prolonged pleural irritation. 
The monocytes were of the normal resting type with large neutral red rosettes 
and presented no other noteworthy characteristics. Most of the cells were free, 
but they occasionally adhered to one another in clumps. Rarely, desquamated 
serosal cells were found in groups or small sheets and they presented the usual 
polygonal shape with small oval or round nuclei. Poljmorphonuclear leucocj-tes 
were seldom observed except when the cellular suspension was blood-tinged. 

Culture Media . — ^Plasma was obtained from normal medium sized guinea pigs 
by heparinizing and centrifuging chilled cardiac blood. 0.5 cc. of a 1 to 700 dilu- 
tion of heparin in Ringer’s solution was used for each 4 cc. of blood. The sepa- 
rated plasma was again centrifuged at high speed to remove erj'throcj’tes. Plasmas 
showing even slight hemolj’sis were not used. 

The tissue extract was derived from the spleens of the normal guinea pigs that 
had been previously bled by cardiac puncture. The spleens were freed of adherent 
fat, finely minced with scissors and suspended in TjTode’s solution to make a 10 
per cent tissue extract. The suspension was agitated by aspirating with a pipette 
and allowed to stand for hour, then centrifuged at high speed for 10 minutes to 
throw down the gross particles. The supernatant slightly turbid fluid which still 
contained many blood platelets was further centrifuged for 20 minutes at high 
speed to remove the thrombocytes, and then appeared quite clear and free from 
cells. In some e.xperiments the splenic extract was also repeatedly and rapidly 
frozen in a salt-ice mixture and thawed to obriate the theoretical objection that 
isolated living cells may still have been present in the extract after prolonged 
centrifugation. 

Carrel’s micro flasks were found most suitable for photographic purposes. 
After repeated trials the following amounts of media and cells in each Cask were 
detemined to be most favorable: 0.9 cc. of heparinized plasma, 0.1 cc. of rus- 
pension of mononuclear exudative cells in TjTodc’s solution and 0.5 cc. of 10 per 
cent splenic extract. Each flask was shaken to mix the contents thoroughlv, 
then stoppered, following which coagulation soon occurred. The number of 
mononuclear cells in different flaslrs \'aried from one hundred to several thousand. 
Cultures v.'crc set up and placed in an incubator regulated for 37^C. within a short 
lime after removal of the cells from the animal. 
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The isolated cells, designated for microscopic study, were identified under low 
power magnification by dots of India ink or black enamel paint applied with a 
fine pen at suitable locations on the outer surface of the flask. The cultures 
were placed in a warm chamber during microscopic study and except when being 
photographed were protected from strong light with a green filter. 

Cultures observed for a week or more were washed witli Tyrode’s solution and 
renourished with 0.5 cc. of 10 per cent guinea pig splenic extract tw'ice a week. 
For subcultures, colonies of cells were excised in the usual manner and transplanted 
into Carrel micro flasks containing 1.0 cc. of 50 per cent guinea pig plasma in 
Tyrode’s solution and 0.5 cc. of 10 per cent guinea pig splenic extract. 

A Leitz ‘‘micca” photomicrographic attachment for an ordinary microscope 
was used for recording tlie changes observed in the cultures. The magnifications 
obtained by different combinations of lenses were 25, 40, 90 and 200, the last 
being secured with a water immersion lens. 

RESULTS 

Types of Cellular Development . — ^Under suitable experimental con- 
ditions some of the isolated mononuclear cells divided by mitosis and 
proliferated to form colonies of morphologically typical fibroblasts. 
The development of different cells in tissue culture seemed to be 
conditioned to a certain extent at the time of explantation, for vithin 
a few hours after the cultures were made, distinct differences could 
be noted in many of the isolated cells: some were dark and very 
granular with distorted nuclear and cellular outline; obviously they 
were dying or dead, for they soon fragmented and disintegrated com- 
pletely. By far the greater proportion of the cells hypertrophied, 
extended pseudopodia and undulating membranes, and became typical 
migrating macrophages (Fig. 22). These cells varied greatly in size, 
rapidly changed their shapes and usually migrated actively. After 
several days some of them became less active, retracted their pseu- 
dopodia, assumed round or irregular polygonal shapes, became filled 
with dark coarse granules or droplets and eventually degenerated. 
Others of the macrophage type maintained their healthful appearance 
and activity for much longer periods. The occasional small clump 
or sheet of desquamated serosal cells showed no signs of activity and 
did not proliferate. Admixed red blood cells usually disintegrated 
within 2 days after explantation. 

A smaller percentage of the cells slowly developed into spindle or 
stellate forms with a varying number of long, pointed, brandling. 
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protoplasmic processes. The nuclei were usually oval or round and 
contained several nucleoli. These cells did not migrate but altered 
their shape by rearrangement of their processes. Many of them were 
marked for identification, photographed and observed for e%'idences 
of cellular division. Cells thus selected, however, only occasionally 
underwent division, but usually degenerated. 

SeUclion of Isolated Cells. — K much better technique with greater 
chances for success was to search for isolated single cells in the process 
of mitosis (Figs. 3 to 7), since we were then assured of some prolifera- 
tion, if only of slight extent. It was discovered that the most favor- 
able period for finding these cells in mitosis was 24 to 48 hours after 
c.xplantation; although occasionally some isolated cells did not imdergo 
mitosis until after a latent periodof 3 days. Diligent and frequent obser- 
vations of the flasks on the 1st and 2nd day after explantation usually 
revealed several satisfactorily isolated cells in mitosis in each flask. 
Such cells were readily recognizable from their characteristic appear- 
ance. The ceU drew in its processes and assumed a nearly spherical 
shape; the cytoplasm condensed into large irregular dark masses sur- 
rounding a nucleus which had lost its ordinary structure of the resting 
state. Under a water immersion lens the breaking up of the spireme 
thread into chromosomes and migration of the chromosomes were 
frequently observed. 

Rate of Prolifcralio}i . — ^The rate of proliferation of indi\ddual cells 
varied even in the same flask. In some instances after proliferation 
had set in, the number of cells was roughly doubled in each 24 
hours. Some proliferated more slowly and others more rapidly. 
One isolated cell was the progenitor of seven cells in the course of 
28 hours; but this rapid proliferation was not maintained. No in- 
stances of amitotic diNrision were observed. 

Criteria of Fibroblasts . — Cells presenting the following morphological 
characteristics were considered to be of the fibroblastic tj'pe: the 
cells had spindle, stellate or polygonal shapes with variable numbers 
of pointed or branch-like protoplasmic processes and relative!}' large, 
clear, oval nuclei containing one or several nucleoli. These cells 
tended to grow in solid sheets or in reticular arrangement and dis- 

plaved marked cytotropism, but did not have migratory ameboid 
movements. 
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Types of Colony Formation . — The type of colony produced from 
various individual cells differed. Some formed solid sheets of cells 
(Fig. 18); others developed tjqDical branching formation (Fig. 23). 
Likewise the morphology of individual cells in different colonies was 
variable, but different individuals of the same colony were essentially 
the same. Some fibroblasts had many long brandling protoplasmic 
processes (Fig. 21); others were polygonal witli few processes and 
grew in tight solid sheets (Fig. 24). The oval or round nudei con- 
tained two to six large nucleoli. Probably the different types of cell 
colony formation can be explained in part by the supporting structure 
on which the cells grew; proliferation on the free surface of the dot, in 
tlie fibrin network or between the glass and coagulum would naturally 
have their respective influences. 

Transitional cells between the t3’^pical macrophage and the stellate 
and spindle-shaped fibroblast were frequently encountered. Some 
were polygonal with nuclei similar to that of fibroblasts. Variable 
amounts of granules were present in the cytoplasm. Usually tliere 
was a broad, clear, peripheral zone free of granules. Pointed proto- 
plasmic processes were very few and usually entirely absent. Such 
cells grew in colony formation as solid sheets (Fig. 24). 

Although the fibroblasts did not migrate in the sense applied to 
macrophages, still in an actively proliferating colon}'-, movements and 
changes in the relationship of cells to one another were often quite 
marked. Tiffs was especially noticeable in colonies gro-wing in branch- 
like arrangement. From hour to hour the pattern changed, assuming 
various bizarre shapes. A ceU would break one of its connections 
with a neighbor and later attach itself to anotlier cell. Due to the 
marked cytotropism, however, individual cells of actively growing 
colonies derived from single cells seldom severed connections witli 
the mother colony. There was also a marked attraction of one 
colony of fibroblasts for another, as sho^vn in Figs. 15 to IS. Tongues 
of cells sent out from each colony soon resulted in complete fusion. 

The extent of proliferation of individual cells was variable even in 
the same flask where the environmental conditions and isolation of 
the cells were essentially the same. Sometimes macroscopic colonies 
consisting of hundreds of cells developed from a single cell, while a 
neighboring cell produced a colony of only ten to twenty members 
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■svhidi then degenerated (Fig. 27). Other cells disintegrated after one 
or t’s\-o divisions. 

Relationship between Bulk of Medium, Number of Explanled Cells 
and Cellidar Prolifer ation . — ^The number and size of the colonies of 
fibroblasts originating in the flasks containing the larger number of 
explanted cells ■was often disproportionately greater when compared 
■with other flasks containing serial dilutions of the same cellular sus- 
pension. This suggested that there was an optimal relationship be- 
tween the bulk of the medium, the number of explanted cells and the 
degree of cellular proliferation. For this reason, and also because 
the proportion of mononuclear cells which eventually developed into 
colonies of fibroblasts was comparatively small, it hardly seemed 
feasible to isolate single cells from the suspension with a capfllary 
pipette, transfer them to culture media and obtain growth. 

The occasional small dump of explanted cells proliferated rapidly. 
Larger dumps behaved in some respects similarly to explanted bufiiy 
coats. Shortly after explantation numerous macrophages wandered 
out, and fibroblastic forms appeared within 48 hours (Fig. 26). This 
was much more rapid than that noted in guinea pig buffy coat e.x- 
plants, from which the first spikes of fibroblastic growth usually did 
not appear until 4 to 6 days after explantation. Proliferating cells 
that were not well isolated but were in the vidnity of other fibroblasts 
showed the usual cytotropism, readily united with their neighbors and 
soon formed large groups. 

SuhcuUurcs of Fibroblasts . — Colonies of fibroblasts originating from 
mononuclear cells were easily transplanted, carried through repeated 
subcultures and still maintained their morphological fibroblastic char- 
acteristics (Fig. 25). Attempts have not been made to carrj’ these 
transplants on indefinitely; and efforts to transform fibroblasts back 
to macrophages (10, 11) have not been pursued. 

Proliferation of isolated macrophages was not observ'ed in these ex- 
periments; but persistent efforts in this direction were not made be- 
cause the migrator}* character of the cells rendered detection of these 
changes difficult with our technique. Once a t}*pical migrating mac- 
rophage with a broad undulating membrane approached a colony of 
proliferating spindle-shaped fibroblasts and became entangled in the 
network of cells. .Mtcr 48 hours this cell lost its undulating membrane 
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and underwent division; it subsequently produced a small nest of 
transitional type of cells similar to those shown in Fig. 24, amongst 
the fibroblasts. Many other macrophages in close proximity to 
colonies of fibroblasts did not transform. 

Because of the difference in tlie behavior of tlie various mononuclear 
cells an attempt was made to correlate their reaction to vital dyes 
witli their subsequent behavior in culture media. This did not meet 
with success, as neutral red and Janus green, even in dilutions of 1 to 
40,000, proved letlial for tliese cells. 

Inhibiting Influence of Erythrocytes on Cciluhr Proliferation. — ^Earl}'- 
in this work when tlie results of individual experiments were not usually 
successful, analysis of tlie variables was undertaken with tlie object 
of removing tlie inhibiting factor or factors. It soon appeared tliat 
when there were many red blood cells in the mononuclear cellular 
suspension the growths were diaracterized by very slight cellular 
proliferation; in other words, tlie explanted mononuclear cells seemed 
definitely inhibited by the presence of erythrocytes. Disintegration 
of red blood cells, which usually occurred within 48 hours after ex- 
plantation, was followed by degenerative changes of the mononuclear 
cells. The macrophages seemed more affected by tlie toxic products 
and usuall}'- disintegrated before the fibroblastic forms. Some of the 
larger macrophages remained viable for longer periods. The trans- 
formed fibroblasts also became very dark, developed vacuoles and 
coarse granulations and their processes became attenuated; prolifera- 
tion was much inhibited and usually entirely suppressed, and in a 
few days the cells eventually fragmented. 

Several experiments were undertaken to analyze tlie apparent in- 
liibition of disintegrated erythrocytes on cultures of isolated mono- 
nuclear cells. Normal heparinized whole guinea pig blood in a final 
dilution of 1 to 2,000 had a definite inhibitor}^ effect on growth of 
mononuclear cells, as described in the preceding paragraph. On the 
other hand, the soluble products of a 1 to 2,000 dilution of heniolyzed, 
stroma-free, guinea pig blood produced no inhibition but possibly 
stimulated growth slightly. The direct effect of erj’-throcytic stroma 
alone could not be adequately tested because of the difficulty en- 
countered in resuspending it. The results indicate, however, tliat tlie 
toxic or inhibiting factor of disintegrating red blood cells resides in 
the stroma. 
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With, improved technicjue, particularly by avoiding traumatic hem- 
orrhage in the pleural cavity when injecting the wax. satisfactory re- 
sults were usually obtained. 


DISCT7SSION’ 

The transformation of guinea pig non-granular leucocytes and 
mononuclear exudative cells into fibroblasts was again demonstrated. 
The experimental conditions most favorable for this transformation 
seemed to be the same as those optimal for the cultivation of other 
guinea pig fibroblasts. Special conditions such as those described by 
Carrel and Ebeling (2) and Fischer (3) in their studies of fibroblastic 
transformation from chicken bufiy coats were not necessaiy in the 
case of guinea pig cells. 

From a study of the development of individual isolated mononudear 
exudative cells in tissue culture it is suggested that the type of de- 
velopment or transformation of each cell is more or less conditioned 
at the time of explantation, because different cells, in apparently the 
same environment, developed differently, and usually maiutained 
their characteristics. Under the conditions of these experiments 
most of the cells beha\*ed as f^-pical macrophages. A smaller pro- 
portion took on fibroblastic characteristics which persisted. WTiether 
these two divergent cellular morphological groups origmate from 
two different tj-pes of cells, such as the monocyte and the hmaphocyte, 
or whether they represent merely different developmental stages of a 
common cell tj’pe was not ascertained in these experiments. The 
latter conjecture seems most probable in mew of the fact that cells in 
\'arious transitional stages between the macrophage and the t'c'pical 
fibroblast were frequently seen. 

It is knoviTi that optimal emdronmental conditions Amsy- in the case 
of different U-pes of cells. Plasma is the optimal medium for mac- 
rophages, while high concentrations of tissue juice are toxic for them. 
Fibroblasts, on the other hand, thrive in media containing relatimlv 
large amounts of embiyonic or tissue extract. Parker (11) has ob- 
served the transformation of a long established strain of chick fibro- 
blasts into y-pical macrophages by changing the nutritional enmron- 
ment from one containing embr^'onic tissue juice to a pure plasmatic 
medium. He. therefore, considers that the fibroblast and the macro- 
phage represent extreme functional and structural \'ariations of the 
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same cell type. It thus seems probable that the culture medium 
used in our experiments, due to the relatively large amount of tissue 
extract, was more favorable for prolonged fibroblastic proliferation 
than for continued growth of macrophages. Yet it should again be 
emphasized that fibroblastic transformation took place soon after ex- 
plantation when most of the macrophages appeared to be in good 
condition. This suggests that the different individual cells were 
variously conditioned at the time of explantation. 

This study clearly shows that certain single isolated mononuclear 
cells of the guinea pig can give rise to a pure colony of fibroblasts. 
Direct apposition of other cells is not necessary, at least in the case of 
guinea pig mononuclear cells, to supply the stimulus for cellular 
division as suggested by Burrows (8) and Fischer (7). It seemed 
possible that sufficient growth-promoting substance was present in 
the splenic extract to initiate mitosis in isolated cells. On the other 
hand, it should be emphasized that a distinct period of latency followed 
explantation of isolated cells before which mitosis did not occur; and 
cellular division usually did not begin until a lapse of 1 or 2 days, and 
sometimes not until several days after explantation; this indicates 
that the cell may have been elaborating some product into its im- 
mediate environment which made it favorable for cellular prolifera- 
tion. It is also possible that comparatively far removed cells secreted 
substances into the medium which by diffusion reached the isolated 
cell and stimulated it. This possibility is suggested by the dispro- 
portionately greater proliferation in flasks containing the larger num- 
ber of mononuclear cells. A definite optimal relationship between 
the bulk of medium, number of cells and amount of proliferation has 
also been shown in the case of yeast (12) and Infusoria (13). Wildiers 
(12) designated this cell-stimulating material elaborated by normal 
yeast as “la substance enigniatique” Robertson (13), working with 
Infusoria, described an “X substance” produced by the organisms 
which catalyzed their reproductive rate. He also pointed out the 
protective effect of mutual contiguity of cells. It seems possible in 
the light of our experiments that a similar agent is necessary for 
cellular proliferation of isolated mammalian cells. Likewise it is well 
recognized that a condition of crowding of the cells in tissue culture 
is the more favorable one for proliferation, and Burrows’ experiments 
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(8) showed that the continual removal of certain substances pro- 
duced by normal cells inhibited proliferation. 

A distinct cytotropism between cells of the fibroblastic tj'pe was 
noted, and although these cells do not possess true ameboid move- 
ment, the growth of small colonies was directed toward smular cells 
in the vicinity. Proliferation was definitely enhanced by this union, 
Rous and Jones (14) and others have also pointed out the cn'totropism 
of fibroblasts in tissue culture. This behavior is in distinct contrast 
to that of the macrophages which usually migrate away from one 
another. 

The question arises as to whether isolated animal cells from other 
sites of origin might have the property of proliferation in tissue cul- 
ture or whether this ability is peculiar to the cells selected in this 
study. Possibly the wax stimulated certain cells to take on fibro- 
blastic transformation potentialities and enhanced their proliferation. 
Explanted clumps of mononuclear exudative cells gave rise to fibro- 
blastic growth much earlier than did buffy coat explants, suggesting 
either a stimulation of the exudative cells by the wax or an inhibition 
of the fibroblastic precursory cells in the buffy coat by the many red 
blood cells incorporated in the explants. An important contributing 
factor to the success of our experiments was the minimal trauma as- 
sociated vith the handling of pleural exudative cells. This was 
relatively slight as compared with techniques used in isolating single 
cells from other tissues. 

Rather exacting conditions were found necessaiy to accomplish the 
development of pure colonies of fibroblasts from single cells, and 
these were in the direction of optimal conditions for guinea pig fibro- 
blasts in general. Aside from inflicting minimal trauma on the cells, 
the removal of inhibitory’^ factors from the tissue culture media was 
ob\'iously necessary. The inhibitory effect of erythrocytes or their 
disintegration products on cellular proliferation was shown and super- 
ficially studied. Our observations are in accord with Earle’s (15) ex- 
periments with the effect of light on blood and tissue cells. He showed 
that erythrocytes, leucocytes and fibroblasts degenerated when e.x- 
posed to irradiation, and noted that the disintegration products of 
red blood cells increased the degenerative diangcs in fibroblasts. If 
an amount of irradiation which had practically' no effect on fibro- 
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blasts in tlie absence of etythrocytes was applied to s imil ar cultures of 
fibroblasts in the presence of red blood cells, marked degenerative 
changes took place. Earle also believed tliat the disintegration prod- 
ucts of red cells possibly caused degenerative changes in leucocytes. 
Our results corroborated this opinion. Further analysis indicates that 
the toxic factor in disintegrating eiythrocytes resides in the lipoid- 
containing stroma. 

Our studies show that when environmental conditions are favorable, 
and when manipulative trauma is reduced to a minimum, certain 
isolated cells will proliferate to form pure colonies of fibroblasts. 
Repeated subcultures of these pure colonies of fibroblasts may be 
carried on. It is also suggested that with better knowledge of the 
requisite environmental factors together with suitable methods for 
isolating other tissue cells, pure strains derived from single cells of 
various tissues may possibly be developed. 

SUMMARY 

1. Most isolated guinea pig mononuclear exudative cells in tissue 
culture become typical migrating macrophages, but a small pro- 
portion take on fibroblastic characteristics, and produce pure colonies 
of fibroblasts. These fibroblasts maintain tlieir morphological char- 
acteristics through repeated subcultures. 

2. It is suggested that the subsequent development of individual 
mononuclear cells in tissue culture is conditioned at the time of 
explantation. 

3. Apposition with other cells is not necessary for the initiation of 
mitotic cellular division, 

4. There is a definite optimal relationship between the bulk of the 
medium, the number of explanted ceUs and the extent of proliferation. 
The presence of other cells in the vicinity enliances cellular division. 

5. hlitosis in the isolated explanted cell is preceded by a latent 
period. The rate of division varies in different colonies of fibroblasts. 

6. Admixed erythrocytes in the mononuclear suspension definitely 
inhibit proliferation of fibroblasts in tissue culture. The inhibiting 
factor in disintegrating erythrocytes is apparently present in the 
stroma. 



259 


'®'® tTto *= 5"P®'" 

d A-WTOTO-W,^- j Exf • .a9 

2. Cattd, rc«<J. ^ ' ’ 269. 

>7 Eisdier, i^i proc. So^- ^ g^sj,., 19^._ 

*• 1“S't ®''''- ■'Tw^ ‘'‘•' 'f-o ’ 

, „ 595. 

jl. 5a*ti,S-^ ’^jl„I,, IWI. *’ j^^doo. 549. 

„. vjadlen.® ' ^i., Bi„I«».. jid., 4916. 

14. ■!6««J.^-; s., J. E»f. “‘^•' ^TIS 

45 EatVe, ^-!iTt025 

\V»d«*8 '* 6b<oM«W P 

flG. 2. .^90. rcflS 

^bo^-nW^TiS- • YU.-^ ^ , sbov? only ^ 

>vo\.onnciog^v‘ ,r ccU 

js^ss§sss:frii^ 

rio. 4 2 da^ aitet sO .jig. 6, a 5 

„,Uos\5 ® ®^iE. 5, at ccUnUt outline 

''r5"9f--5.;a: -r* luo '"■ 



260 


CULTURES EROM SINGLE MONONUCLEAR CELLS 


Fig. 11. S da 3 '^s after e.'cplantation. Fourteen cells, 2.30 p.m. X 180. 

Fig. 12. 6 daj's after explantation. Twenty cells, 10.30 a.m. X 90. 

Fig. 13. 7 daj's after e.xplantation. About thirty-five cells. X 90. 

Fig. 14. 8 da 3 's after explantation. X 90. 

Plate 11 

Figs. 15 to 18 inclusive. Lower magnifications of the same colon 3 '' sliomi in 
preceding photomicrographs. Portions of two otlier colonies of fibroblasts are 
seen sending out tongues of cells and uniting with the first colon 3 '. Several 
wandering macrophages are visible. Fig. IS, 9 da 3 ’^s; Fig. 16, 10 da 3 -s,- Fig. 17, 
12 days; and Fig. 18, 13 da 3 ’^s after explantation. X 40. 

Figs. 19 and 20. Still lower magnification of combined colonies of fibroblasts 
showing continual growtli. Small colony at top of photograph is degenerating. 
Fig. 19, 14 da 3 ’^s; and Fig. 20, 16 da 3 'S after explantation. X 25. 

Fig. 21. Higher magnification of blocked area in Fig. 19, showing protoplasmic 
processes. X 90. 

Fig. 22. Group of macrophages 5 days after explantation showing variation in 
size and shape. X 90. 

Fig. 23. Branching type of fibroblastic growth in colony 15 da 3 ’s after e.x- 
plantation. X 40. 

Fig. 24. “Transitional” t 3 T)e of cellular growtli originating from single cell 
9 days after explantation. Note the absence of pointed protoplasmic processes 
and the presence of peripheral zone of clear cytoplasm. X 90. 

Fig. 25. Fibroblastic cellular t 3 'pe 4 da 3 ’^s after the second transplantation of 
fibroblastic growth from mononuclear e.xudative cells. X 90. 

Fig. 26. Growth from a large dump of mononudear e.xudative cells 2 da 3 'S after 
explantation showing macrophages and early fibroblastic growth. X 90. 

Fig. 27. Colon 3 '’ of fibroblasts from single cell IS da 3 ’^s after explantation show- 
ing degenerative changes. X 90. 
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One may properly ask tliree questions relating to plasma proteins. 
WTiere are these proteins formed? The finger of suspicion points to 
the liver although the proof is not yet absolute. From what materials 
are these proteins fabricated? Evidence given below shows that 
some food proteins are more potent than others in the regeneration of 
plasma proteins but one cannot group proteins into vegetable, grain, 
animal, complete or incomplete and relate their potenej' to such group- 
ing. Each food protein must be tested and its potenej* measured. 
It will be of some interest to determine whether there are any key 
amino acids which are essential to this upbuilding of plasma protein. 
-\re these plasma proteins static and only to be replaced when lost 
(hemorrhage, ascites, nephrosis) or are thej' djmamic and concerned 
■with protein metabolism? This last question is answered at least in 
part in the second paper below in favor of an ebb and flow between 
plasma, organ and tissue protein — a dynamic concept. 

Much evidence has been published relating to the potenev" of food 
factors for potency in the regeneration of new hemoglobin in e.vperi- 
mental anemia in dogs (11). We note the •widest range of potenc}' 
m hemoglobin regeneration from a maximiun due to a diet of liver to 
a minimum due to grains and fish. WTicn it was found that plasma 
protein regeneration (3) like hemoglobin regeneration could be con- 
trolled by diet our first thought was that the food potencies for hemo- 

* National Research Council Fellow. 
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globin and plasma protein regeneration might run along parallel to 
each otlier. Like most “first thoughts” this was wrong. Liver to be 
sure was potent in both lists but kidney which is almost as potent as 
liver to regenerate new hemoglobin was found to be at the ver^’^ bottom 
of the list of foods so far tested for the regeneration of new plasma 
proteins. 

Beef serum stands at the head of our list of potent foods for new 
plasma protein regeneration. This perhaps is not surprising although 
hemoglobin when fed is poorly utilized for hemoglobin production in 
anemia. Feeding 2.6 gm. of beef serum protein will produce 1 gm. of 
new plasma protein. Under similar conditions to produce 1 gm. of 
new plasma protein we must feed about 20 gm. of kidney protein. 

The general plan of these experiments is very simple although tech- 
nical difliculties must be overcome by experience. The normal 
plasma protein level (6-7 per cent) is reduced by bleeding wnth return 
of washed red cells in Locke’s solution (plasmapheresis) to plasma 
protein levels of 3. 6-3.9 per cent which are just above the edema level 
for the dog under tlie conditions of these experiments. This low 
level of plasma proteins is maintained a constant by suitable bleedings 
and red cell replacement. The subnormal level of plasma proteins 
presumably acts as a maximal stimulns for the production of new 
plasma proteins and unless the plasmapheresis is continued almost 
daily the new formed plasma protein will bring the plasma protein 
concentration promptly back to normal. 

When the plasma protein depletion is begun tlie weekly output of 
new plasma protein is quite high and gradually declines to the basal 
output within 4-6 weeks. After this initial period the basal output 
w^ill continue indefinitely at a reasonably constant figure provided the 
basal diet and other factors are kept uniform. The initial high out- 
put may exceed the basal output of plasma protein by 30-120 gm. 
Allowing for the drop in plasma protein concentration the amount of 
t his protein is far beyond any method errors and is designated a rcscroc 
store of protein building material. This reserve store varies depend- 
ing upon the diet factors of the preceding weeks and must always be 
completely exhausted before the basal output becomes fairly con- 
stant. It is possible if not probable that some of this reserve store is 
held in the liver (7). Hemoglobin regeneration experiments in anemia 
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will show a similar reserve store of hemoglobin building material but 
often in larger amounts and it requires longer periods of depletion to 
exhaust this reserve. It is possible that the body holds a general 
reserve store of protein or protein building material which on demand 
can be used to manufacture either plasma protein or hemoglobin or 
tissue protein as occasion may require. Experiments are in progress 
which may throw light upon this point. 

In a recent communication (3) we have mentioned some of the earlier papers 
dealing with plasma protein regeneration. Some of the recent papers may be 
mentioned briefly, hloschcowitz (9) reports dinical conditions associated with 
hypoproteinemia particularly nephrosis, colitis, ascites, and pernicious anemia. 
He gives an e.xcellent review. Jones, Eaton, and White (5) produced edema in 
cats by a low protein diet together with excess fluid or salt intake or infection. 
Jurgens and Gebhatdt (6) believe the liver and reticulo-endothelial s}'stem are the 
sources of plasma proteins but do not consider diet a factor e.xcept as a stimlus. 
Reimann, Medes, and Fisher (10) conclude that the Uver is responsible for the 
elaboration of protein precursors of blood proteins which are incorporated in widely- 
distributed cells. In their experiments on rabbits no data relating to diet are 
given. 


Methods 

The various methods used were described in considerable detail in a recent paper 
(3) and this need not be repeated. The basal ration consists of boiled peeled white 
potatoes, canned tomatoes. Post bran flakes, Karo com sj-rup, and cod liver oil in 
amounts as given in each dog’s clinical history. Each dog received daily 1 gm. of a 
salt mixture (8) added to the diet. The potato contains 2.2 gm. protein per 100 
gm. and the bran flakes contain 15 gm. protein per 100 gm. 

The various food substances as used from time to time in animal experiments 
were analyzed for nitrogen in triplicate or quadruplicate by the macro-Kjeldahl 
method. The protein content was calculated as 6.25 times the average nitrogen 
values. The food substances were added to the basal ration and fed as a hash. 
Tile kidney tissue was cook^ in water and fed with the broth. Egg white was 
coagulated by boiling. Other meats were fed raw. Commercial canned salmon 
"as used. The scrum was obtained from defibrinated fresh beef blood, the red 
cells being removed by use of the centrifuge. The fresh serum was mixed with 
the basal diet. 

A i/rojjfn less (negative N balance) included the urinary N plus I gm. daily 
allowed for the feces (not measured in all cases but calculated from average figures) 
plus the nitrogen contained in blood plasma removed by plasmapheresis and 
hematocrit samples. 
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EXPERIMENTAL OBSERVATIONS 

All tabulated experiments are of the same character and the tables present 
continuous periods of observ'ation divided into 7 day units. Rarely a period may 
be 6 or 8 days or longer but in the tables the values are corrected as of 7 days. 
Each dog has at least two tables to give complete experimental data. Tables 1, 2, 

TABLE 1 


Blood Plasma Depletion and Regeneration 
Kidney and Pancreas Compared with Beef Heart 

Dog 32-394. 





1 




Potency 

Blood plasma 




Protein removed 


Avcraseconcen- 

Period 

7 days 

Diet 

intake 
Total for 
7 days 




removed 

above 

basal* 

ratio* _ 
Protein in 

tration 


Albu* 

min 

Glob- 

ulin 

Total 

take to pro 
tein outpu 

Total 

protein 

A/G 

ratio 




sm. 

im. 

gm. 

gm. 


jm. per 

cent 


1 

Basal 

98 



44.7 



4.57 


2 


98 



30.5 



3.80 

0.62 

3 

Basal 

98 



28.9 



3.57 


4 

Basal 

98 



26.4 



3.36 


5 


210 


26.8 

34.7 

49.9 

4.2 

3.85 


6 

Basal 

98 


21.5 

33.1 



3.74 

nH 

7 

Basal 

98 


17.1 

26.1 



3.69 


8 

Gelatin 

? 



21.4 



3.78 

0.35 

9 

Albumin 

? 

3,1 

8.9 

12.0 



3.50 

10 

Basal 

98 


17.8 

26.6 



3.77 

O.SO 

11 

Basal 

98 


8.0 

11.1 



3.18 

0.39 

12 

Albumin 

293 






3.48 

0.92 

13 

Basal 

98 


11.7 

17.1 



3.47 

0.46 

14 

Kidney 

265 

13.6 

19.4 


9.4 

20.8 

3.97 

0.70 

15 

Basal 

98 

7.2 

16.2 

23.4 



3.62 

0.44 

16 

Basal 

98 

6.6 

12.4 




3.40 

0.53 

17 

Pancreas 

578 

16.4 

21.0 

37.4 

30.0 

19.6 

4.10 

0.79 

IS 

Basal 

98 

16.3 

19.1 

35.4 



3.72 

0.85 

19 

Basal 

98 


12.2 

23.2 



3.50 

0.90 

20 

Beef heart 

481 

23.2 


45.2 

47.9 

8.0 

4.07 

1.05 

21 

Basal 

98 

24.6 

19.8 

44.4 



3.82 

1.24 

22 

Basal 

98 

11.3 


24.3 



3.49 

0.87 


* Estimated basal output equivalent to 22 gm. plasma protein per week. 


3, and 4 give the necessary figures for complete understanding of tlie plasma pro- 
tein regeneration and the related diet potency. Tables l-o, 2-o, etc., give the 
figures on nitrogen balance, nutrition, and blood findings. Following the respec- 
tive tables is found tlie clinical histoi^'’ of each dog. 
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EXPERIMENTAL OBSERVATIONS 

All tabulated experiments are of the same character and the tables present 
continuous periods of observation divided into 7 day units. Rarely a period may 
be 6 or 8 days or longer but in the tables tlie values are corrected as of 7 days. 
Each dog has at least two tables to give complete experimental data. Tables 1, 2, 

TABLE 1 

Blood Plasma Depletion and Regeneration 
Kidney and Pancreas Compared with Beef Heart 


Dog 32-394. 


Period 

7 dal's 

Diet 

Protein 
intake 
Total for 

7 dai-s 

Protein removxd 

Protein 

removed 

above 

basal* 

Potency 
ratio*_ 
Protein in 
take to pro 
tein output 

Blood plasma 
Average concen- 
tration 

Albu- 

min 

Glob- 

ulin 

Total 

Total 

protein 

A/G 

ratio 













tm. 

ffm. 

fm. 

fm. 

£m. 


cent 


1 

Basal 

98 



44.7 



4.57 


2 

Basal 

98 



30.5 



3.80 

0.62 

3 

Basal 

98 



28.9 



3.57 


4 

Basal 

98 



26.4 



3.36 


5 

Salmon bread 

210 

7.9 

26.8 

34.7 

49.9 

4.2 

3.85 


6 

Basal 

98 

11.6 

21.5 

33.1 



3.74 


7 

Basal 

98 

9.0 

17.1 

26.1 



3.69 


S 

Gelatin 

? 



21.4 



3.78 


9 

Albumin 

? 

3.1 

8.9 

12.0 



3.50 


10 

Basal 

98 

8.8 

17.8 

26.6 



3.77 

0.50 

11 

Basal 

98 

3.1 

8.0 

11.1 



3.18 

0.39 

12 

Albumin 

293 






3.48 

0.92 

13 

Basal 

98 

5.4 

11.7 

17.1 



3.47 

0.46 

14 

Kidney 

265 

13.6 

19.4 


9.4 

20.8 

3.97 

0.70 

15 

Basal 

98 

7.2 

16.2 

23.4 



3.62 

0.44 

16 

Basal 

98 

6.6 

12.4 




3.40 

0.53 

17 

Pancreas 

578 

16.4 


37.4 

30.0 

19.0 

4.10 

0.79 

18 

Basal 

98 

16.3 

19.1 

35.4 



3.72 

U.S5 

19 

Basal 

98 


12.2 

23.2 

'' 


3.50 

0.90 

20 

Beef heart 

481 

23.2 


45.2 

47.9 

8.0 

4.07 

1.05 

21 

Basal 

98 

24.6 

19.8 

44.4 



3.82 

1.24 

22 

Basal 

98 

11.3 


24.3 



3.49 

0.87 


* Estimated basal output equivalent to 22 gm. plasma protein per week. 


3, and 4 give the necessary figures for complete understanding of the plasma pro- 
tein regeneration and tlie related diet potency. Tables l-o, 2-a, etc., give the 
figures on nitrogen balance, nutrition, and blood findings. Following the respec- 
tive tables is found the clinical history of each dog. 
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satisfactory low basal weeks where no heavy protein feeding has 
shortly preceded. If we averaged weeks 8-13 inclusive, the basal 
output would stand at 18 gm. plasma protein per week. However in 
two of these periods the dog was vomiting some of its diet and was 
clinically somewhat disturbed w’ith some loss of weight. In view of 
the very low output of plasma protein during fasting (Table 4) it seems 
fair to place the basal output at 22 gm. Even if this figure is a gram 
or so too high it is on the conservative side and tlie potency ratio will 
be a bit larger. 

The potency ratio means the grams of protein "which must be fed to 
produce 1 gm. of new plasma protein above the basal output. Ob- 
viously tlie lower the ratio the more potent is the given diet factor 
(Table 1) — ^kidney protein (20 gm.) or beef heart protein (8 gm.) will 
each produce 1 gm. new plasma protein. In the tables tliis potency 
ratio is calculated from the total protein intake minus the basal pro- 
tein intake divided by the total plasma protein removed over and 
above the basal plasma protein output per week. 

When a potent diet factor is added to the basal ration after a con- 
trol period there is usually no change for 2 days but on tlie 3rd day of 
feeding the plasma proteins begin to rise and call for larger and more 
frequent plasmaphereses to maintain tlie usual depletion level of 
plasma protein concentration. The plasma protein output readies a 
peak on tlie 7th day of feeding when the dog is returned to tlie basal 
ration. The accelerated plasma protein output continues for many 
days depending upon the potency and amount of tlie diet factor but 
sinks gradually to the basal level, usually by tlie end of the 2nd week 
of the basal ration. We assume that material has been accumulated 
and the stored reserve again built up during the favorable diet period 
and this store is called out and finally exhausted during the after 
period of 2 weeks. Tliis we term the “carry over” and the picture is 
like that described for the regeneration of neiv hemoglobin in anemia 
on a favorable diet. 

The reseroc store of this dog (Table 1) is found to total 43 gm. plasma 
protein which represents tlie total output (131 gm.) for tlie first 4 
weeks minus 88 gm., the standard basal output for tliis period. This 
dog consumed 100 per cent of its rations at all times except in tlircc 
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periods as noted in the tables where the protein or food intake is not 
given. The basal ration amounted to 525 gm. per day or about 66 
calories per Mlo. 

It has been noted (3) that albumin may make up about half of the 
total plasma protein contributed from the reserve store and this 
figure will varj’- with the diet which precedes the depletion period. It 
will be observed in all the tables that the globulin makes up a con- 
siderable part of the total protein removed during basal control periods 
in which no animal proteins are fed — the usual ratio is 2 parts globulin 
to 1 part albumin. It was suggested (3) that vegetable and grain 
proteins might favor the production of globulin in contrast to animal 
protein which might favor albumin production. The salmon bread 
period (Table 1) gives some evidence to indicate that grain protein 
may favor globulin production. During the week of salmon bread 
feeding there was removed 7.9 gm. albumin and 26.8 gm. globulin 
which is associated with the lowest A/G ratio observed (0.30). The 
bulk of protein (about 60 per cent) in the salmon bread is from wheat. 
Salmon bread (12) contains wheat flour, potato starch, bran, sugar, 
tomatoes, cod liver oil, canned salmon, yeast, and a salt mixture and 
its preparation has been carefully described. Salmon bread in anemia 
will permit a minimum of hemoglobin regeneration but with plasma 
depletion it will produce abundant globulin and some albumin with a 
potenc}' ratio of 4.2 to 1. The potencj' ratio for salmon bread is of 
necessity figured somewhat differently as the salmon bread replaced the 
basal diet. Period 5, Table 1, shows an intake of 210 gm. protein in 
the salmon bread. The plasma protein output in period 5 should be 
all credited to the salmon bread diet = 34.7 gm. plus the “cany over” 
in periods 6 and 7 or 33.1 - 22 = 11.1 and 26.1 - 22 = 4.1. Total 
credit to the salmon bread diet is 49.9 on an intake of 210 gm., a 
potency ratio of 4.2. This corresponds cdosel}' to the potency ratio of 
the basal diet which for this dog is 4.5 — that is the basal diet protein 
intake (98 gm.) divided by the basal protein output (22 gm.). The 
potency ratio for salmon is given below (Table 4) as 15.2 which com- 
pares unfavorably nith these grain proteins and beef muscle proteins. 

.Mbumcn (lable 1, period 12) represents a feeding of “Egg .4.1bumcn. 
Impalpable Powder, Soluble, Merck.” It is probable that most of 
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tliis material was not absorbed or digested as there is no increase in 
the urinary N. There is a slight increase of the albumin plasma 
fraction at the expense of the globulin — compare Table 3 below. 

Kidney (Table 1, period 14) presented a great surprise because this 
tissue is so potent in building new hemoglobin in anemia. Kidney 
shows tlie lowest potency ratio 20.8 and we must think of 21 gm. of 
kidney as required to form 1 gm. new plasma protein. It pushes the 
A/G ratio up toward unity but there is no comparison with beef heart 
in the same dog where the potency ratio is 8 and the A/G ratio 1.24. 

Pancreas (Table 1, period 17) stands close to the kidney and its 
potency ratio is 19.0. It would appear that nucleoproteins which are 
abundant in the pancreas are not particularly concerned with plasma 
protein regeneration. 

Beef heart (Table 1, period 20) is a meat protein much used in 
laboratory studies. Its potency ratio is 8.0 and it corresponds with 
liver in this respect. Beef heart however produces a Ytry large out- 
put of albumin and pushes the A/G ratio well above unity (1.24). In 
this particular dog (Tables 1 and 2) beef heart shows the highest out- 
put of albumin, even more than skeletal muscle and gizzard (smooth 
muscle) both given in Table 2. This question of the specificity of 
diet proteins for the production of plasma albumin in more abundance 
than plasma globulin deserves further study. 

Blood volume figures deserve some attention in this dog (Tables 1-ff 
and 2-a). With animal protein feeding there is always an increase 
(100 cc. average) in plasma volume. One notes also in spite of heavy 
withdrawal that the plasma protein concentration rises above 4.0 per 
cent. These two facts would point to a considerable outpouring of 
new protein into the circulation and an actual volume response as 
well. 

Red cell hematocrit figures in this dog are uniformly satisfactory and 
average about 35-40 per cent only somewhat below the normal of 50 
per cent for the dog. Iron feeding shows a rise of red cell hematocrit 
to 50 per cent but this is a familiar response. 

Weight curve in Tables 1-a and 2-a is satisfactory and indicates good 
nutrition and adequate diet intake. The urinary nitrogen figures are 
a bit irregular but are to be explained in part on the basis of unne 
retained in the bladder. These dogs are never catheterized and their 
urination is irregular. 
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Egg while is -n-ell utilized and shows a potency ratio of 5.8 which is 
practically identical with lactalbumin, gizzard, and skeletal muscle 
(Table 2). Egg white feeding causes almost as much albumin as 
globulin production (period 23, Table 2). 

Liver extract (Table 2, period 26) indicates a combination of two 
liver fractions* — ^No. 55 (13) which contains much of the material 
effective in hemoglobin regeneration in experimental hemorrhagic 
anemia in dogs and No. 343 which contains much of the material 
effective in the therapy of pemidous anemia. This material has been 
described elsewhere (13) and both fractions amount to 7 per cent of 
the fresh liver weight. Its potency for new hemoglobin production 
is very great and corresponds to 300 gm. fresh liver given daily for a 
week. Its potency for the regeneration of new plasma protein is 
negligible and corresponds to the small amotmt of nitrogenous material 
which the two fractions contain. The amoimt of new plasma protein 
is only 7.7 gm. above the basal level but as the calculated protein in 
the liver fraction fed amoimts to only 67 gm. the potency ratio is 8.6 
which is dose to the potency ratio (6.5) for whole liver (Table 3). 

Laclalbtimin (Table 2, period 28) gives a liberal response and we 
note that a good deal more globulin than albumin is produced so that 
the A/G ratio does not rise above 0.72. The potency ratio is 5.5 and 
obviously the material is completely digested and utilized. 

Ferric citrate fed in large amounts (2 gm. daily) gives a reaction 
which is distinct but not adequately explained. This dose of 2 gm. 
corresponds to 360 mg. of Fe which in an anemic dog will give a maxi- 
mal regeneration of hemoglobin, appro.ximately 50 gm. new hemo- 
globin from 1 week iron administration. This dog put out 14.4 gm. 
new plasma protein above the basal level. The same dog at this 
time had a plasma volume of 700 cc. and a protein concentration of 
3.76 per cent or a drculating mass of plasma protein of 26 gm. Iron 
administration caused the production of plasma protein amounting to 
55 per cent of the total proteins in the drculating plasma. This 
amount is far beyond any jxissiblc e.xpcrimental error or luiov-Ti 
physiological fluctuation. The proper explanation will be of con- 
siderable significance. 

G'.zzard (Table 2, period 36) means that the smooth muscle only was 

* \ aluable raatc.ri.il was supplied by Eli Lniy and Company. 
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fed and the lining mucosa with the tendinous parts were cut away. 
Its reaction is very much like the skeletal muscle response and the 
potency ratios are about the same. 

TABLE 2 

Blood Plasma Dcplctiojt and Regeneration 
Lactalbinnin, Gizzard, and Striated Muscle All Potent 
Iron Reaction Unexplained 

Dog 32-394. 


Period 

7 d.iys 

Diet 

Protein 
intake 
Total for 

7 days 

Protein removed 

Protein 

removed 

Potency 
ratio*_ 
Protein in 

Blood plasma 
Average concen- 
tration 


Albu. 

mm 

Glob- 

ulin 

Total 

basal* 

take to pro- 
tein output 

Total 

protein 

A/G 

ratio 



Sm. 


Sm. 

gm. 

gm. 


sm. per 
ceni 


23 

Egg white 

295 

18.7 

23.7 

42.4 

33.5 

5.8 

3.87 

0.78 

24 

Basal 

98 

16.7 

17.6 

34.3 



3.65 

0.95 

25 

Basal 

98 

8.9 

13.9 

22.8 



3.53 

0.64 

26 

Liver extract 

165 

10.3 

17.8 

28.1 

7.7 

8.6 

3.57 

0.58 

27 

Basal 

98 

7.8 

15.8 

23.6 



3.61 

0.49 

28 

Lactalbumin 

389 

18.1 

25.1 

43.2 

52.5 

5.5 

4.17 

0.72 

29 

Basal 

98 

15.8 

23.5 

39.3 



3.61 

0.67 

30 

Basal 

98 

11.3 

20.7 

32.0 



3.68 

0.55 

31 

Basal 

98 

10.9 

15.1 

26.0 



3.67 

0.72 

32 

Ferric citrate 

98 

10.7 

20.3 

31.0 

14.4 


3.76 

0.53 

33 

Basal 

98 

7.1 

20.3 

27.4 



3.87 

0.35 

34 

Liver residue 

? 



26.1 



3.95 


35 

Basal 

98 

8.2 

13.8 

22.0 



3.43 

0.59 

36 

Gizzard 

408 

22.1 

27.8 

49.9 

58.5 

5.3 

4.10 

0.79 

37 

Basal 

98 

20.9 

21.7 

42.6 



3.78 

0.96 

38 

Basal 

98 

12.3 

19.7 

32.0 



3.66 

0.62 

39 

Skeletal muscle 

475 

25.5 

31.2 

56.7 

66.4 

5.7 

4.17 

0.82 

40 

Basal 

98 

17.6 

20.5 

38.1 



3.96 

0.86 

41 

Basal 

98 

13.5 

24.1 

37.6 



3.70 

0.56 


* Estimated basal output equivalent to 22 gm. plasma protein per week. 


Skeletal muscle (Table 2, period 39) shows an active production of 
albumin as well as globulin and the A/G ratio comes back toward 
normal. It may be argued properly that the gizzard and skeletal 
muscle periods should have been followed by 3 weeks basal diet to 
exhaust completely the “carry over.” This probably would give 
potency ratios slightly smaller than those recorded. 
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Clinical History, Dog 32-394.— An adult, female, bull mongrel weighing 13 kg. 
This dog had been on basal diet for 2 months before depletion was begun. The 
basal daily diet consisted of 300 gm. white potato (6.6 gm. protein); 100 gm. 
tomato; 50 gm. Post’s bran flakes (7.5 gm. protein); 50 gm. Karo syrup; 25 cc. cod 
liver oil; and 1 gm. salt mixture. The plasma protein level following this basal 
period was 4.82 per cent, albumin 1.76 per cent, and globulin 3.05 per cent. The 
blood volume was 920 cc., the plasma volume 560 cc. From periods 1 to 41 the 

TABLE 2-0 


Nitrogen Balance, Blood Findings, and Clinical Condition 
Dog 32-394. 


Period 

7 days 

Diet 

Diet sup- 
plement 
per period 

Weigkt 

Kegative 
N balance 

Urinary N 

R. B. C. 
hematocrit 

Plasma 

volume 


• 


ht. 

rn. 

in. 

uni 

u. 

23 

Cooked egg white 

1750 

13.6 

+7.7 

25.7 

37.8 

745 

24 

Basal 


13.4 

16.1 

19.3 

40.5 

753 

25 

Basal 


13.0 

12.6 

17.6 

38.6 

682 

26 

Liver extract 

ISO 

13.0 

2.7 

17.6 

44.8 

557 

27 

Basal 


13.3 

9.0 

13.9 

44.4 

582 

28 

Lactalbumin 

350 

13.4 

+25.9 

21.2 

45.6 

721 

29 

Basal 


13.7 

16.2 

18.6 

44.2 

695 

30 

Basal 


13.4 

11.6 

15.2 

36.7 

685 

31 

Basal 


13.1 

13.2 

17.7 

40.1 

647 

32 

Ferric citrate 

14 

12.9 

11.6 

15.3 

47.5 

707 

33 

Basal 


12.8 

9.6 

13.9 

51.2 

559 

34 

Liver residue 

? 

12.5 



46.5 


35 

Basal 


12.4 



42.8 

408 

36 

Gizzard 

1400 

12.7 

+24.7 

25.6 

40.2 

625 

37 

Basal 


13.1 

13.6 

15.5 

41.9 

580 

38 

Basal 


13.1 

12.5 

16.1 

43.7 

565 

39 

Skeletal muscle 

1400 

13.3 

+35.0 

25.9 

38.1 

647 

40 

Basal 


13.7 

16.4 

19.0 

44.6 

629 

41 

Basal 


13.4 

15.5 

18.0 

47.3 

627 


non-prolcin nitrogen of the blood varied from 12 mg. to 30 mg. per cent, reaching 
the latter level only once and that during period 40. During the weeks of initial 
depletion (periods 1-4), the dog maintained its body weight and remained in 
excellent clinical condition. During period 5 the dog was given salmon bread 300 
gm. daily to replace the basal ration. During period S the dog refused gelatin 
mixed with the basal diet, and vomited the gelatin when it was given separately 
b> stomach tube. On this account the gelatin feeding was discontinued after 4 
d.ays. During the following 8 days the dog was fed the basal ration and consumed 
100 per cent of the diet. This 12 day period is recorded as a 7 day period, the 
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proper correction being made. In the last 3 days of period 9 the dog became 
lethargic, refused food, and developed hemoglobinuria. The attempt to feed 
powdered egg albumen was discontinued and the dog put back on the basal ration. 
Dextrose was given bj' stomach tube During the two following periods on the 
basal ration (periods 10-11), the dog was again in good healtli, the hemoglobinuria 
had ceased, the dog was active, and consumed all food. Periods 10-33 were 
without mishap. The diet ration in eacli particular experiment during that time 
was consumed 100 per cent. Liver residue feeding was attempted during the first 

TABLE 3 


Blood Plasma Depletion and Regeneration 
Liver and Serum Potent Factors 

Dog 32-130. 


Period 

7 days 

Diet 

Protein 
intake 
Total for 

7 days 

Protein removed 

Protein 

removed 

above 

basal* 

Potcnc\' 
ratio*. 
Protein in 

Blood plasma 
.■ks'erage concen- 
tration 


Albu- 

min 

Glob- 

ulin 

Total 

take to pro- 
tein output 

Total 

protein 

A/G 

ratio 



gm. 

SP». 

cm. 

gm. 

fm. 


cm. {-CT 
cent 


1 

Basal 

114 

22.6 

14.3 

36.9 



5.34 

1.58 

2 

Basal 

114 

16.6 

23.3 

39.9 



4.2S 

1 ^ 

3 


114 


18.9 

29.8 



3.99 


4 

Basal 

114 

14.2 

19.9 

34.1 



3. 89 


5 


407 

12.4 

18.5 


? 

? 

3.78 

0.67 

6 

Basal 

114 

12.9 

19.7 

32.6 



3.80 

0.65 

7 

Basal 

114 

8.3 

17.6 

25.9 



3.57 

0.47 

8 

Liver 

534 

25.2 

29.6 

54.8 

65.2 

6.5 

4.44 

0.85 

9 

Basal 

114 

27.2 

31.8 




3.99 

0.85 

10 

Basal 

114 

13.6 

IS. 8 

32.4 



3.79 

0.72 

11 

0.x serum 

335 

28.3 

26.1 

54.4 

83.0 

2.6 

3.97 

l.OS 

12 

Basal 

114 

32.1 

33.4 

65.5 



3.98 

0.96 

13 

Basal 

114 

18.7 

25.4 

44.1 



3 .83 

0.74 

14 

Skeletal muscle 

533 

34.9 

39.2 

74.1 

474- 


4.53 

0.89 


* Estimated basal output equivalent to 27 gm. plasma protein per week. 


2 days of period 34. The dog refused the residue mixed with tlie basal diet, and 
vomited the mixture when it wms spoon fed. During tire remaining 5 daj-s of tins 
period the basal ration was fed, which was entirel}’- consumed. Periods 35-41 
were uneventful. During the 41 weeks 55.58 liters of blood were removed in 202 
exchanges (plasmaphereses). Following period 41 beef serum concentrated by 
drying was given. After 3 days of this feeding, tire dog refused food and de- 
veloped hemoglobinuria and marked conjunctivitis. Petechiae were present on 
the mucous membranes. The sderae were icteric. The dog was returned to tlic 
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BLOOD PLASMA PROTEIN 


proper correction being made. In the last 3 days of period 9 the dog became 
lethargic, refused food, and developed hemoglobinuria. The attempt to feed 
powdered egg albumen was discontinued and the dog put back on the basal ration. 
Dextrose was given by stomach tube During the two following periods on the 
basal ration (periods 10-11), the dog was again in good health, the hemoglobinuria 
had ceased, the dog was active, and consumed all food. Periods 10-33 were 
without mishap. The diet ration in each particular experiment during that time 
w'as consumed 100 per cent. Liver residue feeding was attempted during the first 

TABLE 3 

Blood Plasma Depletion and Regeneration 
Liver and Serum Potent Factors 


Dog 32-130. 


Period 

7 days 

Diet 

Protein 
intake 
Total for 

7 days 

Protein removed 

Protein 

removed 

above 

b.asal* 

Potency 
ratio*_ 
Protein in 

Blood plasma 
Average concen- 
tration 


Albu- 

min 

Glob- 

ulin 

Total 

take to pro- 
tein output 

Total 

protein 

A/G 

ratio 




tvt. 

Sm. 

fim. 



gm. per 
cent 


1 

Basal 

114 

22.6 

14.3 

36.9 



5.34 

1.58 

2 

Basal 

114 

16.6 

23.3 

39.9 



4.28 

0.71 

3 

Basal 

114 


18.9 

29.8 



3.99 

O.SS 

4 

Basal 

114 

14.2 

19.9 

34.1 



3.89 

0.71 

5 

Albumin 

407 

12.4 

18.5 


? 

? 

3.78 

0.67 

6 

Basal 

114 

12.9 

19.7 

32.6 



3.80 

0.65 

7 

Basal 

114 

8.3 

17.6 

25.9 



3.57 

0.47 

8 

Liver 

534 

25.2 

29.6 

54.8 

65.2 

6.5 

4.44 

0.85 

9 

Basal 

114 

27.2 

31.8 




3.99 

0.85 

10 

Basal 

114 

13.6 

18.8 

32.4 



3.79 

0.72 

11 

Ox serum 

335 

28.3 


54.4 

83.0 

2.6 

3.97 

1.08 

12 

Basal 

114 

32.1 

33.4 

65.5 



3.98 

0.96 

13 

Basal 

114 

18.7 

25.4 

44.1 



3.83 

0.74 

14 

Skeletal muscle 

533 

34.9 

39.2 

74.1 

47-1- 


4.53 

0.89 


* Estimated basal output equivalent to 27 gm. plasma protein per week. 


2 days of period 34. The dog refused the residue mixed with the basal diet, and 
vomited the mixture when it was spoon fed. During the remaining 5 days of this 
period the basal ration was fed, which was entirely consumed. Periods 35-41 
were uneventful. During the 41 weeks 55.58 liters of blood were removed in 202 
exchanges (plasmaphereses). Following period 41 beef serum concentrated by 
drying was given. After 3 days of this feeding, the dog refused food and de- 
veloped hemoglobinuria and marked conjunctivitis. Petechiae were present on 
the mucous membranes. The sclerae were icteric. The dog was returned to the 
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basal ration and given blood transfusions and dextrose by vein. Three days later 
the animal was found dead. Autopsy revealed: Central necroses of liver involv- 
ing perhaps two-thirds of the liver substance. Hemorrhagic bronchopneumonia. 
Acute bacterial endocarditis, mitral valve. Acute focal nephritis. Hemorrhage 
into large bowel. Petechiae on mucous membranes and pleurae. Slicroscopical 
sections showed considerable iron containing pigment in spleen, liver, kidnej's, 
Umph nodes, and bone marrow. 

Beef serum and liver are adequately standardized in this dog (Table 
3, periods 8 and 11). Beef serum stands at the head of the list of 

TABLE 3-a 


Nitrogen Balance, Blood Findings, and Clinical Condition 
Dog 32-130. 


Period 

7 days 

Diet 

Diet sup- 
plement 
per period 

TVright 

Negative 
N balance 

Urinary N 

R.B.C. 

berontocrit 

i 

1 Plasma 

1 volume 

1 



gn. 

tg. 

grt. 

grt. 

per unt 

cc. 

1 

Basal 


14.6 



43.3 


2 

Basal 


14.2 



34.1 


3 

Basal 


14.4 

9.5 

16.0 

34.4 

702 

4 

Basal 


13.6 

10.2 

16.0 

39.1 

711 

s 

.Mbumen 

350 ! 

13.3 


13.9 

36.9 

623 


Basal 


12.9 

6.0 

12.1 

40.5 

690 

7 

Basal 


12.5 

7.3 

14.4 

39.5 

693 

s 

Liver 

2100 

13.1 

+33.8 

35.8 

37.9 

755 

9 

Basal 


13.6 

25.5 

27.3 

35.6 

707 


Basal 


13.4 

12.5 

18.6 

29.7 

623 

It 

Ox scrum 

2SOO 

13.4 

4.8 

33.1 

33.7 

743 

12 

Basal 


13.4 

28,6 

29.3 

24.8 


13 

Basal 


13.3 

20.6 

24.8 

26.3 

760 

14 

Skeletal muscle 

2100 

13.7 



25.2 



potent materials most favorable for new plasma protein regeneration. 
Beef plasma protein (2.6 gm.) will produce 1 gm. of new plasma pro- 
tein in the depleted dog — a potenej* ratio of 2.6. iloreover there is 
a large output of albumin and the A/G ratio rises to l.OS. The A/G 
ratio of the beef serum as fed reads 1.07. It is probable that not all 
of the carr\' over’’ was removed as the 2nd week on the basal diet 
shows a total protein output of 44 gm. (Table 3, period 13) and the 
total plasma protein level is 3.83 per cent. Had this c.xpcriment been 
continued through a third control week a little more of the “carrj" 
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proper correction being made. In the last 3 daj's of period 9 the dog became 
lethargic, refused food, and developed hemoglobinuria. The attempt to feed 
powdered egg albumen was discontinued and the dog put back on the basal ration. 
De.xtrose was given by stomach tube During the two following periods on the 
basal ration (periods 10-11), the dog was again in good health, the hemoglobinuria 
had ceased, the dog was active, and consumed all food. Periods 10-33 were 
without mishap. The diet ration in each particular experiment during that time 
was consumed 100 per cent. Liver residue feeding w'as attempted during the first 

TABLE 3 


Blood Plasma Depletion and Regeneration 
Liver and Serum Potent Factors 

Dog 32-130. 


Period 

7 days 

Diet 

Protein 
intake 
Total for 

7 days 

Protein removed 

Protein 

removed 

above 

basal* 

Potency 
ratio*_ 
Protein in 

Blood plasma 
Average concen- 
tration 


Albu- 

min 

Glob- 

ulin 

Tot.aI 

take to pro- 
tein output 

Totd 

protein 

A/G 

ratio 



gm. 

gm. 

gm. 

gm. 

gm. 


gm. 

cent 


1 

Basal 

114 

22.6 

14.3 

36.9 



5.34 

1.58 

2 

Basal 

114 

16.6 

23.3 

39.9 



4. 28 


3 


114 

10.9 

18.9 

29.8 



3.99 

0.58 

4 

Basal 

114 

14.2 

19.9 

34.1 



3.89 

0.71 

5 

Albumin 

407 

12.4 

18.5 

30.9 

? 

? 

3.78 

0.67 

6 

Basal 

114 

12.9 

19.7 

32.6 



3.80 

0.65 

7 

Basal 

114 

8.3 

17.6 

25.9 



3.57 

0.47 

8 

Liver 

534 

25.2 

29.6 

54.8 

65.2 

6.5 

4.44 

O.SS 

9 

Basal 

114 

27.2 

31.8 




3.99 

0.85 

10 

Basal 

114 

13.6 

18.8 

32.4 



3.79 

0.72 

11 

0.x serum 

335 

28.3 

26.1 

54.4 

83.0 

2.6 

3.97 

l.OS 

12 

Basal 

114 

32.1 

33.4 

65.5 



3.98 

0.96 

13 

Basal 

114 

18.7 

25.4 

44.1 



3.83 

0.74 

14 

Skeletal muscle 

533 

34.9 

39.2 

74.1 

47-t- 


4.53 

0.89 


* Estimated basal output equivalent to 27 gm. plasma protein per week. 


2 days of period 34. The dog refused the residue mixed with the basal diet, and 
vomited the mixture when it was spoon fed. During the remaining 5 days of this 
period the basal ration was fed, which was entirely consumed. Periods 35-41 
were uneventful. During the 41 weeks 55.58 liters of blood w^ere removed in 202 
exchanges (plasmaphereses). Following period 41 beef serum concentrated by 
drying was given. After 3 days of this feeding, the dog refused food and de- 
veloped hemoglobinuria and marked conjunctivitis. Petechiae were present on 
the mucous membranes. The sclerae w'ere icteric. The dog was returned to the 
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BLOOD PLASMA PROTEIN 


proper correction being made. In the last 3 daj’s of period 9 the dog became 
lethargic, refused food, and developed hemoglobinuria. The attempt to feed 
powdered egg albumen was discontinued and the dog put back on the basal ration. 
Dextrose was given b}' stomach tube During the two following periods on the 
basal ration (periods 10-11), the dog was again in good health, the hemoglobinuria 
had ceased, the dog was active, and consumed all food. Periods 10-33 were 
without mishap. The diet ration in each particular experiment during that time 
was consumed 100 per cent. Liver residue feeding was attempted during the first 

TABLE 3 


Blood Plasma Dcpldtott and Regeneration 
Liver and Serum Potent Factors 

Dog 32-130. 


Period 

7 days 

Diet 

Protein 
intake 
Total for 

7 d.ays 

Protein removed 

Protein 

removed 

above 

basal* 

Potency 
ratio*. 
Protein in 

Blood plasma 
Average concen- 
tration 


Albu- 

min 

Glob- 

ulin 

Total 

lake to pro- 
tein output 

Total 

protein 

A/G 

ratio 



gm. 

gm. 

gm. 

gm. 

gm. 


Sm. per 
cent 


1 


114 

22.6 

14.3 

36.9 



5.34 

1.58 

2 


114 


23.3 

39.9 



4.28 

mi 

3 


114 


18.9 

29.8 



3.99 


4 


114 

14.2 

19.9 

34.1 



3.89 

IJMII 

5 

Albumin 

407 

12.4 

18.5 


? 

? 

3.78 

0.67 

6 

Basal 

114 

12.9 

19.7 

32.6 



3.80 

0.65 

7 

Basal 

114 

8.3 

17.6 

25.9 



3.57 

0.47 

8 

Liver 

534 

25.2 


54.8 

65.2 

6.5 

4.44 

0.85 

9 

Basal 

114 

27.2 

31.8 




3.99 

0.85 

10 

Basal 

114 

13.6 

18.8 

32.4 



3.79 

0.72 

11 

Ox serum 

335 

28.3 

26.1 

54.4 

83.0 

2.6 

3.97 

1.08 

12 

Basal 

114 

32.1 

33.4 

65.5 



3. 98 

0.96 

13 

Basal 

114 

18.7 

25.4 

44.1 



3.83 

0.74 

14 

Skeletal muscle 

533 

34.9 

39.2 

74.1 

47-b 


4.53 

0.89 


* Estimated basal output equivalent to 27 gm. plasma protein per week. 


2 days of period 34. The dog refused the residue mLxed wuth the basal diet, and 
vomited the mixture when it w'as spoon fed. During the remaining 5 daj^ of tins 
period the basal ration was fed, which was entirely consumed. Periods 35-41 
were uneventful. During the 41 weeks 55.58 liters of blood w'ere removed in 202 
exchanges (plasmaphereses). Following period 41 beef serum concentrated by 
drying was given. After 3 days of this feeding, the dog refused food and de- 
veloped hemoglobinuria and marked conjunctivitis. Petechiae were present on 
the mucous membranes. The sclerae were icteric. The dog wms returned to tlie 
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BLOOD PLASMA PROTEIN 


over” might have been removed which would place the potency ratio 
slightly below the recorded figure. A repetition of this experiment 
using smaller amounts of serum is to be desired. 

It is of interest that 100 gm. of liver compare almost exactly vnth 
100 cc. of beef serum when tested for their potency to regenerate new 
plasma protein. The liver has 2.5 times as much protein as the beef 
serum. The potency ratio for the liver is 6.5. The potency ratio for 
liver previously reported (3) was 6.8. 

Albumen as used in Table 3, period 5, is a chemical preparation 
(“Egg Albumen, Impalpable Powder, Soluble, Merck”) and appears 
to be inert physiologically. 

The basal output for this dog was estimated to be 27 gm. plasma 
protein per week and the basal diet contained 114 gm. protein per 
week giving a potency ratio of 4.2 which compares wdth 4.5 for the 
basal diet in the preceding experiments (Tables 1 and 2). 

The reserve store of protein building material amounted to 40 gm. 
estimating the basal output at 27 gm. plasma protein per week. It 
required 6 weeks to exhaust this reserve which was found to be 
highest on meat diets and lowest after long diet periods unfavorable 
to plasma protein regeneration. The kennel diet of hospital table 
scraps has a large factor of uncertainty but is more favorable as a rule 
for plasma protein regeneration than the basal ration as given this 
dog. 

Table Z-a shows a slight loss of weight and a negative nitrogen 
balance. The red cell hematocrit fell below a safe figure and this 
may have been a factor in the terminal bronchopneumonia. The 
large plasmaphereses which equalled one-third the blood volume each 
day, during the last week were important in causing the hemoglobin- 
uria which is always a danger sign. 


Clinical History, Dog 32-130 . — ^An adult male hound weighing 14.5 kg. was 
placed on a basal diet consisting of 400 gm. potato (8.8 gm. protein); 100 gm. to- 
mato; SO gm. Post’s bran flakes (7.5 gm. protem); SO gm. Karo syrup; 25 cc. cod 
liver oil; 1 gm. salt mixture; and plasmapheresis was started at once. During the 
preceding month the dog was on the kennel diet of hospital table scraps. The 
initial plasma protein level was 6.30 per cent; albumin 3.12 per cent; and globulin 
3.18 per cent. The blood volume was 1215 cc., the plasma volume 638 cc. The 
non-protein nitrogen throughout the experiments varied from 13-24 mg. per cent. 
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Fasting (Table 4, periods 10 and 11) gives information of great 
interest. The experiment was wholly satisfactory and the dog was in 
excellent condition at all times. 60 gm. of dextrose in 200 cc. water 
were given daily by stomach tube. The fecal N was not determined 
but estimated from other similar experiments to be about 0.4 gm. 
per day. There was loss of 1.4 kilograms in weight and the usual 

TABLE 4 


Blood- Plasma Depletion and Regeneration- 
Fish and Liver Residue Compared with Fasting 

Dog 33-238. 


Period 

7 days 

Diet 

Protein 
intake 
Total for 

Protein removed 

Protein 

removed 

Above 

Potency 
ratio* 
Protein 
intake to 

Blood pKisma 
Average 
concentration 


7 days 



Total 

basal* 

protein 

output 

Total 

protein 

A/G 

ratio 



£m. 


fim. 

£m. 

gtn. 


sm. fer 
cent 


1 

Basal 

52 


17.7 

34.9 



3.98 

0.97 

2 

Basal 

52 

liB 

11.8 

23.5 



3.83 

0.99 

3 

Basal 

52 

10.7 

11.8 

22.5 



3.78 

0.91 

4 

Salmon 

331 

13.8 

16.7 

30.5 

18.3 

15.2 

4.03 

0.83 

5 

Basal 

52 

12.1 

13.3 

25.4 



3.75 

0.91 

6 

Basal 

52 

10.1 

9.3 

19.4 



3.66 

1.08 

7 

Liver residue 

222 

16.1 

15.4 

31.5 

23.1 

7.4 

3.95 

1.05 

8 

Basal 

52 

13.2 

16.7 

29.9 



3.66 

0.79 

9 

Basal 

52 

7.1 

11.6 

18.7 



3.58 

0.61 

10 

Dextrose 

0 



3.5 



3.45 

1.00 

11 

Dextrose 

0 



5.4 



3.84 

0.67 

12 

Basal 

52 

8.5 

10.6 

19.1 



3.43 

0.80 

13 

Skeletal muscle 

265 

16.7 

1 14.9 

31.6 



4.32 

1.12 

14 

Basal 

■ 

52 


[ 

27.2 



3.72 



* Estimated basal output equivalent to 19 gm. plasma protein per week. 


shrinkage of plasma volume from 465-373 cc. The dog had been 
very carefully standardized and tlie basal plasma protein output 
(19 gm. per week) is observed in the week preceding and followdng the 
sugar periods. The total plasma protein output for tliese 2 weeks is 
9 gm. About 3 gm. of this amount can be accounted for by tlie 
shrinkage of plasma voliune so that the total output amounts to 
about 3 gm. per week. This is close to physiological hmitations. 
Evidently this dog can produce httle if any new plasma proteins 









POMilERENKE, SLA\’TN, :KARIHER, AKD "WHIPPLE I / / 

during fasting periods— a very different story from that relating to new 
hemoglobin production in anemia or new liver cell production after 
injury. 

The low N output in the urine after the sugar periods (Table 4-fl, 
period 12) is of interest and shows distinct conservation of protein 
products. 


TABLE 4-a 


Nitrogen Balance, Blood Findings, and Clinical Condition 
Dog 33-238. 


Period 

7 daj*s 

Diet 

Diet 
supple- 
ment per 
peri^ 

Wdsht 

Negative 

N 

balance 

Urinary 

X 

R.B.C 

hemato- 

crit 

Plasma 

volume 



gm. 


gn. 

gm. 

j percent 

cc. 

1 

Basal 


9.8 


1 

48.7 

417 

2 

Basal 


9.7 



43.1 


3 

Basal 


9.7 

18.9 

16.6 

47.3 


4 

Salmon 

I 1050 

9.7 

-fl5.S 

25.3 

48. 5 

451 

5 

Basal 


9.8 

17.8 

15.1 

51.5 

413 

6 

Basal 1 


9.6 

13.9 

12.1 

53.5 


7 1 

Liver residue 

252 

10.0 

+5.4 

18.2 

55.3 

398 

8 

Basal 


11.1 

15.9 

12.4 

51.0 

416 

9 

Basal 


9.9 

11.6 

9.9 

51.0 ! 

465 

10 

De.xtrose 


9.3 

11.0 

7.6 

44.7 

452 

11 

De.xtrose 


8.5 

9.6 

5.9 

43.3 

373 

12 

Basal 


9.2 

9.3 

7.6 

48.1 

353 

13 

Skeletal muscle 

1050 

9.9 

+13.7 

16.6 

52.0 

430 

14 

Basal 


10.1 


20.6 




Table 4-a shows a highly satisfactory condition. The weight is 
uniform e.xcept during the sugar feeding period. The red cell hem- 
atocrit is maintained at practically a normal level throughout. The 
food consumption was 100 per cent in all periods. 

Clinical History, Dog 33-23S . — ^.\ii adult male terrier vreighing 9.8 kg. This 
dog had been on the basal ration consisting of 100 gm. potato (2.2 gm. protein); 
60 gm. tomato; 50 gm. Karo sj-rup; 35 gm. Post’s bran flakes (5.25 gm. protein); 
25 cc cod liver oil; and I gm. salt mixture, for 10 vrecks prior to the beginning of 
plasmapheresis. The reserve store in this dog amounts to only 24 gm. of potential 
protein building material. The protein level following this basal period rvas 4.5 
per cent; albumin 2.26 per cent; globulin 2.25 per cent. The blood volume vras 
872 cc. and the pl.asm.a volume 417 cc. The non-protein nitrogen ranged between 
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IS and 20 mg. per cent throughout the periods of observation. The dog was in 
excellent clinical condition up to the day of its death which was due to a mistake 
in the plasmapheresis— a hypertonic solution having been used. Autopsy showed : 
Pulmonary edema and organs which w'ere grossly normal but for congestion. 
Microscopical sections of organs showed normal tissues. There was a slight 
excess of brown pigment in the spleen pulp and Kupffer cells of the liver. 

Table 5 shows all the potency ratios for comparison. The potency 
ratio means the number of grams as protein which must be fed to re- 


TABLE 5 

Summary of Diets and Potency Ratios 


Dietary factors 

D/p or potency ratio 

Dog 32-394 

Dog 32-130 

Dog 33-238 

Beef serum 


2.6 

4.2 


Basal ration 

4.5 

2.7 

Salmon bread 

4.2 

Gizzard 

5.3 

j 


Laet.'ilhiimin 

5.5 



mttsrlft. 

5.7 



Egg white 

5.8 



T.ivpt 

6.5 


T.ivpr rp^iHiip 


7.4 


8 6 



8.0 





15.2 


19.0 



20.8 







generate 1 gm. of plasma protein in depleted standard dog. It may 
be called the D /P ratio — diet to plasma protein. 

DISCUSSION 

The unexpected reaction of these dogs with plasma protein depletion 
to fasting and iron feeding calls for discussion. Fasting during anemia 
periods has been studied in this laboratory and in a recent report (1) 
it was shown that the dog can produce a good deal of new hemoglobin 
during fasting or sugar feeding periods and the reaction is striking if 
large doses of iron are given with the sugar. The evidence points to 
conservation of nitrogenous end products which are built up into new 
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15 and 20 mg. per cent throughout the periods of observation. The dog was in 
excellent clinical condition up to the day of its death which was due to a mistake 
in the plasmapheresis — a hypertonic solution having been used. Autopsy showed: 
Pulmonary edema and organs which were grossly normal but for congestion. 
Microscopical sections of organs showed normal tissues. There was a slight 
excess of brown pigment in tlie spleen pulp and Kupffer cells of the liver. 

Table 5 shows all the potency ratios for comparison. The potency 
ratio means the number of grams as protein which must be fed to re- 


TABLE 5 

Summary of Diets and Potency Ratios 


Dictarj’ factors 

D/p or potency ratio 

Dog 32.39-} 

Dog 32-130 

Dog 33-23S 

Beef serum 


2.6 


Basal ration 

4.5 

4.2 

2.7 

Salmon bread 

4.2 

Gi7.7.nrH 

5.3 



Lactalbumin 

5.5 



Skeletal muscle 

5.7 



whiff* 

5.8 



TJvf^r 

6.5 


T.lvf»r rpftifliiP: 


7.4 


8.6 




8.0 





15.2 


19.0 



20.8 







generate 1 gm. of plasma protein in depleted standard dog. It may 
be called the D/P ratio — diet to plasma protein. 

DISCUSSION 

The unexpected reaction of these dogswitli plasma protein depletion 
to fasting and iron feeding calls for discussion. Fasting during anemia 
periods has been studied in this laboratory and in a recent report (1) 
it was shown that the dog can produce a good deal of new hemoglobin 
during fasting or sugar feeding periods and the reaction is striking if 
large doses of iron are given vdth the sugar. The evidence points to 
conservation of nitrogenous end products which are built up into new 
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hemoglobin. Furthermore during sugar feeding periods the dog can 
regenerate a considerable mass of new liver cells to repair a liver injury 
caused by chloroform (2). But in a similar emergency^ with depleted 
plasma proteins the dog can produce little if any new plasma protein. 

We cannot say that one of these substances is any more urgently 
needed than the other. Moreover there is much evidence that plasma 
protein when present in excess can be utilized in the body to replace 
other proteins (4). AWth plasma depletion to levels below 4.0 per 
cent it is apparent that there is a strong stimulus to form new plasma 
protein from any satisfactory diet material. Moreover when the 
dog (Table 4, period 12) is put back on the basal ration the produc- 
tion of new plasma proteins begins immediately and progresses at 
the usual pace sho'wing the normal basal output for that week. One 
might anticipate a subnormal plasma protein output o-wing to the 
demand coming from other depleted body stores of protein. There 
is a conspicuously low figure for urinary N on this first week after 
fasting, indicating very careful conservation of aU nitrogenous mate- 
rial. There is a gain in weight of 0.7 kg. 

We may state that in an emergency the plasma protein may con- 
tribute to body protein but the current ■will not flow easily in the 
opposite direction and the body protems may be said to stand b}’ 
helpless to aid while -vital plasma proteins are depleted even to a 
lethal point. This is the only possible conclusion to be dra-wn from 
Table 4 but repeated observations must determine whether this is a 
constant reaction. Evidently in this emergency the plasma protein 
is very largely if not wholly dependent on materials coming in from 
the gastro-intestinal tract. Here again the finger of suspicion is 
placed on the liver, as these materials must be assembled into the 
complex structure of albumin or globulin. 

The Tcscnc store of plasma protein building material represents in- 
surance for the normal dog against dangerous depletion of plasma 
proteins during a fasting period. This rcser%*e store may amount to 
30-120 gm. of potential plasma protein material — twice or three times 
as much on the average as this Upc of dog has in its circulation. We 
may well ask as to the nature of this reserve store. Mthough some of 
it may be in mature protein form the inability of body proteins during 
fasting to contribute to the plasma proteins speaks against this and 
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we are inclined toward the belief that this emergency rcsenc store is 
tucked away in the liver and perhaps other tissues as some “inter- 
mediate” substance — not as small aggregates like polypeptides but 
as large aggregates approximating proteins but not fixed tissue pro- 
teins. Probably such reserve store of protein building material can 
be used for other purposes than plasma protein regeneration — for 
example tissue or organ repair or red cell and hemoglobin regeneration. 

Why should iron feeding stimulate plasma protein production — an 
excess output (Table 2) of 14.4 gm. above basal levels? W^’e cannot 
say that iron enters into the reaction as is the case with its effect on 
the production of new hemoglobin. It is not known that iron modifies 
absorption from the intestinal tract; in fact iron is not readily ab- 
sorbed even when in anemia due to blood loss there is an urgent need 
for it in internal metabolism. 

The surplus plasma protein due to iron feeding probably comes 
from the basal food intake, as during fasting periods in the depleted 
dog the body proteins cannot contribute appreciably to the formation 
of new plasma protein. Let us argue that iron modifies internal 
metabolism so that new hemoglobin can be formed and further tliat 
as a result of this modified internal metabolism more materials emerge 
which can be built into new plasma protein. This is of the nature of 
a catalytic reaction. Fasting experiments with> iron feeding and 
plasma depletion should give evidence bearing on this point. 

SUMMARY 

When blood plasma proteins are depleted by bleeding, with return 
of washed red cells (plasmapheresis) it is possible to bring the dog to a 
steady state of low plasma protein and uniform plasma protein pro- 
duction on a basal diet. Such dogs are excellent test subjects by 
which the potency of various diet factors for plasma protein regenera- 
tion can be measured. 

To regenerate plasma proteins in any significant amount the de- 
pleted dog requires food protein. Some proteins are very potent for 
new plasma protein production and others are utilized poorl5^ 

Beef serum is very potent and its proteins (2.6 gm.) will produce 
1 gm. of new plasma protein in the depleted dog— a potency ratio 
of 2.6. 
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Kidney protein stands at the bottom of our list and the dog needs 
21 gm. of kidney protein to regenerate 1 gm. of plasma protein — a 
potency ratio of 21.0. 

Some grain proteins approximate the potency of beef serum and 
may show potency ratios of 2.7 to 4.6. Some of these grain proteins 
appear to favor the production of globulin more than albu min in the 
plasma. 

Skeletal musde, gizzard (smooth muscle), lactalbumin and egg 
white fall into a favorable group with a potency ratio of 5.3 to 6.0. 

WTiole liver, liver fractions, casein, and beef heart are a little less 
potent and present potenc}’’ ratios of 6.5 to 8.0. Many of these food 
substances favor the production of albumin more than globulin. 

Pancreas and salmon muscle show less favorable potency' ratios of 
19.0 and 15.0 respectively. 

Fasting periods indicate that these depleted dogs can produce little 
if any new plasma protein. 

Iron feeding in some unexplained manner will influence body metab- 
olism so that an excess of plasma protein will be produced. 

These observations have a bearing on clinical conditions associated 
with hj'poproteinemia and give suggestions for diet aid or control in 
some of these abnormal states. The make-up of the diet is ob^'iously 
of great interest and it is possible that protein combinations may be 
more potent than a single protein or that food potency' ratios may 
differ in health and disease. 
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DOG PLASMA PROTEIN GIVEN BY VEIN UTILIZED IN 
BODY METABOLISM OF DOG 


Horse Plasjia and Dog Hemoglobin Not SnuLARLY 

Utilized 

Bv W. T. POMMERENKE ,* M.D., H. B. SLAVEST, M.D., D. H. K.ARIHER, aot 

G. H. W'mPPLE, M.D. 

{From the Department of Pathology, School of Medicine and Dentistry, The University 
of Rochester, Rochester, N. F.) 

(Received for publication, November 22, 1934) 

Experiments given in this paper support the thesis (4) that dog 
plasma proteins when given intravenously to dogs are readily utilized 
in the body i\ith the result that a positive nitrogen balance can be 
maintained during fasting periods. We knew that the anemic dog 
(9) promptly utilizes goose or sheep hemoglobin given intravenously 
to build abundant new hemoglobin and red cells. We anticipated 
therefore that the fasting dog would utilize foreign plasma much as 
it does dog plasma. This the body does not choose to do. All of 
the horse plasma protein given intravenously to the fasting dog is 
probabl)' broken down and thrown away in the urine. 

Hemoglobin is constantly being broken down in the circulation and 
in the presence of anemia the dog utilizes the globin fraction to make 
new hemoglobin (5). We suspected that when anemia was not present 
and when the body needed protein (fasting) there might be a demon- 
strable utilization of the globin fraction to spare or replace body pro- 
tein. In this we were disappointed and we obseiv'e below in the 
fasting dogs that the bulk of the introduced hemoglobin is broken 
down and thro\TO away as extra nitrogen in the urine. There is 
evidence that some of the introduced hemoglobin is retained to form 
new hemoglobin for red cells. 

• National Research Council Fdlow. 
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M cthods 

Metliod and procedures have been described in an earlier paper (3). Dogs 
were normal healthy animals unless otherwise noted. All food was withheld for 
3 days to allow nitrogen elimination to reach a fasting level. The dog was then 
catheterized and placed in a clean metabolism cage. Water was available in the 
cages at all times. W^lien each experiment was terminated with catheterization 
the dogs were placed on the kennel diet and were not used again until they had 
regained their former weight, usually periods of 6-8 weeks intervening. 

During the periods of dog plasma injection large healthy donors were bled 
500 cc. into a flask using as an anticoagulant 22 mg. of heparin per 100 cc. of 
blood, dissolved in 5 cc. of Locke’s solution. The blood was centrifugalized for 
35 minutes at 3000 r.p.m. in 100 cc. centrifuge tubes, the plasma drawn off with 
suction, measured, warmed in a warm water bath to slightly above body tem- 
perature, and injected into the jugular vein or peritoneal cavity as indicated in 
each e.xperiment. The total daily dosage was given in two injections 6-8 hours 
apart. Approximately 15 minutes were required for the plasma to run into tlie 
vein from a gravity bottle. A small sample was saved for analysis of total protein, 
albumin, and globulin. The metabolism cage was kept in the laboratory under 
close observation throughout the day and urine voided was put aside at once in a 
separate bottle containing sulfuric acid to prevent loss of nitrogen as ammonia. 
The urine output per period was diluted to a known volume (usually 500 cc.) 
and analyzed for total nitrogen and protein. A modification of the gravimetric 
method of Folin and Denis was used to determine urinary protein excretion. 

To furnish horse plasma for the stated injections a normal horse was bled 500 cc. 
from the jugular vein into a flask, using as an anticoagulant 22 mg. of heparin 
per 100 cc. of blood. The plasma was analj^zed for total protein, albumin, and 
globulin. 

The dog hemoglobin for injection was prepared as described for other experi- 
ments (7). Healthy donors were bled 150 cc. into a flask containing 1.5 cc. of 
saturated sodium citrate. The cells were separated by centrifugalization and 
washed twice with normal saline. They were then laked with approximately 
twice their volume of distilled water by moderately severe shaking for at least 
15 minutes. Following this the sediment was thrown down by high speed centrif- 
ugalization for at least 30 minutes and the clear supernatant fluid was filtered 
through several layers of cotton gauze. The filtrate was then ready for injection 
into the vein or peritoneal cavity. Hemoglobin was always used widiin 8 hours 
after preparation. All hemoglobin solutions were standardized by tlie acid 
hematin metliod (8) . The urine obtained after hemoglobin injection was examined 
spectroscopically for traces of hemoglobin as described elsewhere (6). Clean 
but not sterile technique was used for tlie preparation of the fresh serum and 
hemoglobin. 

Feces were collected promptly after defecation, preserved in sulfuric add, 
dried over steam, pulverized, and aliquot portions analyzed for N. Usually the 



POiMEKENKE, SEA^TX, K-ARIHER, AND WMiPPIX 


285 


total feces was handled as a unit and the daily average for the total period indicated 
in the tables. 

EXPEPIMENXAI, OBSERVATIONS 

To obviate some of the slight sj'stemic reactions observed in the earlier experi- 
ments (4) which were attributed to sodium citrate we used heparin to prevent 
coagulation in collection of dog and horse plasma. This heparinized plasma can 
be given either intravenously or intraperitoneally with practicall}' no reaction. 
In some animali; as noted in their clinical histories there was vomiting. This 
vomitus contained little but mucus and only traces of nitrogen so that it was 
discarded — rarely did it contaminate the urine and even then it introduced no 
significant error. 

Table 21 sbotvs three separate experiments upon the same dog. 
This Dog 32-131 had been used in other metabolism experiments and 
in a previously published paper (4) is recorded a control experiment 
giving the dog sugar alone. This experiment serves as a base line 
control for those given in Table 21. 

The first experiment (Table 21) is almost perfect. The heparinized 
plasma caused no clinical disturbance and the dog was normal in all 
respects. There was no contamination of the urine. In all these 
experiments the injected plasma was analyzed for protein content so 
that the figures given for plasma protein injection are accurate and 
not based on a 6 per cent estimated value as in the earlier report (4). 
These actual values were determined as 6.75 per cent for total pro- 
tein. The dog received 160 gm. plasma protein by vein and there 
was no escape by way of the urine. At the end of the last control 
period the circulating plasma protein amounted to 55 gm. which is 
probably 30 gm. above a control on sugar alone. This accounts for 
about 20 per cent of the injected protein but leaves us 130 gm. retained 
in or used within the body. The urinary nitrogen is not increased by 
the plasma injections and the output of urinary X and intake of 
plasma N practicall}' balance. The evidence seems conclusive that 
1 30 gm. of plasma protein are utilized in the bodj' economy. If this 
material was stored passively and then released we should c.xpect a 
subsequent rise in the urinarj* N in the sugar after period. 

During this same experiment there is no change in the .A/G ratio 
although the plasma proteins rise to very high levels (9 per cent). In 
spite of this increase in plasma proteins there is but little change in 
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blood plasma volume and no spill over of protein in the urine. The 
red cell hematocrit falls steadily in proportion to the amount of 
bleeding whicli was considerable due to blood volume and other 
analyses and is reflected in the column “Protein removed from blood 
as N,” Table 21. 


TABLE 21 


Plasma Protein and Hemoglobin Contrasted — by Vein and Intraperitoneally 
Dog 32-131. 





gm. 

gm. 

gm. 

gm. 

gm. 



Fore period — sugar 

5 

0 

2.07 

2.35 

0.182 

0.1 



Plasma protein 80.5 gm 

7 

1.84 

1.83 

0.32 

0.230 

0.1 

48.5 

14.3 

Plasma protein 79.4 gm 

7 

1.814 

1.99 

0.61 

0.337 

0.1 

60.79 

13.8 

After period — sugar 

5 

0 

1.294 


0.242 

0.1 

55.1 

13.0 


Second Dog plasma intraperitoneally — sugar and vegetable oil by stomach tube 


Fore period — sugar 

5 

0 

2.50 

3.36 

El 


0.78 


15.8 

Plasma protein 180.2 gm 

8 

3.603 

2.32 


0 

172 


82.72 

15.4 

After period — sugar 

5 


3.21 

4.13 

B 

141 

|d|Q 


14.4 


Third Dog hemoglobin by vein — sugar by stomach tube 


Fore period — sugar 

5 

Ri 



2 

.21 

1 1 


41.82 

14.2 

Hemoglobin 30.2 gm 

7 

Em 


m 

1 

96 

j j 


35.48 


Hemoglobin 30.8 gm 


ESI 


m 

1 

92 

ji 


38.15 

13.2 

After period — sugar 


0 

1 

154 

1 

67 

IH 


34.84 

12.6 


Intraperitoneal injections of dog plasma (Dog 32-131, second period) 
give results in general in accord with the intravenous experiment on 
the same dog. Larger amounts of plasma can be given (180 gm. in 
8 days) and there is no escape by way of the urine. The injected N 
(3.6 gm. daily) much exceeds the urinary N (2.3 gm. daily) so that 
there is a positive N balance. 
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Vomiting developed during the last part of the plasma injection 
period and continued during the after period of sugar feeding. This 
may have been due in part to the stomach tube feeding of oil vrith the 
sugar causing nausea but probably in part to slight peritoneal irrita- 
tion due to repeated plasma injections. As a result of the loss of 


TABLE 2i-a 


Plasma Prolein, Urinary Protein, Plasma and Red Cell Volume 
Dog 32-131. 




Blood plasma 
Avera^e^ 
concentration 


c 

Cl 

c 

5: <3 
— u 

E 

m 

o 

C. 

o 


Experimental periods 

es 

P 

Total protein 

Albumin 

Globulin 

jO 

ei 

o 

< 

X g 

ii 

o 

g 

> 

la 
^ *> 

Cm 

S c 

O c> 

k 


First 


Dog plasma by vein — sugar by stomach tube 


Fore period— sugar. 

Plasma — dog 

Plasma — dog 

.After period — sugar 


P" 

cerU 

per 

cent 

P^ 

cent 


rr. 

fer cent 

fC. 

Per cent 

5.64 

3.02 

2.62 

1.15 

0 

13 

696 

46.0 

8.11 

4.24 

3.87 

m 

0 


714 

31.6 

8.19 

4.26 

3.93 


0 

20 

781 

26.5 

7.59 

4.16 

3.35 

1.21 

0 


652 

27.8 


Second Dog plasma intraperitoneally — sugar and vegetable oil by stomach tube 


Fore period — sugar 

5 

6.37j3.21 

3.16 

BIB 

0 

20 


46.0 

Plasma — dog 

8 

9.60 5.54 

4.06 

1.36 

0 


■hsIM 

34.1 

•After period — sugar 

5 

8. 154. 38 

3.77 

1.16 

0 

20 

658 

42.1 


’rb'fd Dog hemoglobin by vein — sugar by stomach tube 


Fore period — sugar 

5 

6.S6'3.61 

2.95!l.22 

0 


64S 

46.0 

Hemoglobin 

7 





666 

49.4 

Hemoglobin 

7 

6.28 3.02 


0.009 

19 

549 

51.6 

After period — sugar 

5 

6.25|3.63 

2.621.59 

0.004 

17 

566 

45.5 


sugar there is a rise in the urinaiy’ N but wc must admit that peritoneal 
irritation might be responsible for a little of this urinan* X e.rccss in 
the after period. 

The plasma protein retention following intraperitoneal introduction 
seems to be the same as with intravenous injection. The rise in cir- 
culating plasma proteins is c.Ntrcmc but the rise in plasma volume is 
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not in proportion altliough present (Table 21-c, second period). The 
A/G ratio clianges but little, 

EemogloUn given by vein (Table 21, third period) in the same dog 
(32-131) seems to escape in the form of urinar}’- N except for some 
whidi may be utilized to form new hemoglobin for new red cells. In 
giving hemoglobin by vein in these experiments it is necessary to keep 
below the renal threshold (5) for hemoglobin in the dog. In fact on 
only a few occasions were traces of hemoglobin noted in the urine and 
the protein N escape in the urine is trivial. Only 30 gm. of hemo- 
globin could be given intravenously each week and still keep below 
the renal threshold and this amounts to 0.7 gm. N per day. As a 
result of this injection the urinary N rises 0.5-0.6 gm. per day above 
the expected levels — vindicating that there is practically no N reten- 
tion — and the usual negative urinary N balance continued. Mean- 
while the red cell volume and hematocrit do not fall in contrast to an 
experiment on the same dog with plasma injection (first period) 
where the red cell hematocrit fell from 46-28 per cent. We may argue 
therefore tliat some of the injected hemoglobin is used to make new 
hemoglobin for red cells and the rest is discarded to account for the 
excess urinary N. Certainly the reaction to henwgloUn is ver}’’ dif- 
ferent from that to plasma when either is given intravenously to a 
protein fasting dog. 

Clinical History, Dog 32-131, — Pi. J'oung mongrel hound. See Tables 21 and 
21-a. First experiment, Sept. 29. Weight 16.7 kg. Plasma protein 5.58 per 
cent; albumin 2.73 per cent; globulin 2.58 per cent; plasma volume 724 cc.; blood 
volume 1350 cc.; red cell hematocrit 46.0 per cent. Sept. 29-Oct. 1, all food 
withheld, weight fell to 15.9 kg. Oct. 2, 50 gm. glucose and 300 cc. water daily by 
stomach tube. 10 gm. kaolin added on alternate days. Catheterization to start 
metabolism experiment. Oct. 7, dog plasma injection begun, intravenousl}'. 
Catheterization. Oct. 9, more or less generalized urticaria hour after injection. 

1 cc. of 1 : 1000 adrenalin was given subcutaneously and by the next da}^ the reac- 
tion had cleared and the rest of the e.xperiment was without event. Oct. 14, 
catheterization. Oct. 17, no reaction using plasma from same donor as on Oct. 9. 
Oct. 20, last plasma injection. Oct. 21, catheterization. Oct. 26, final catlieter- 
ization. No fecal contamination of urine during entire period. Dog put on 
kennel diet. 

Second experiment. Tables 21 and 21-a. Apr. 14, w'eight 17.5 kg. Plasma 
protein 6.50 per cent; albumin 3.48 per cent; globulin 3.02 per cent; N. P. N. 25 
mg.; plasma volume 966 cc.; blood volume 1756 cc.; red cell hematocrit 45 per cent. 
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Apr. 15-17, all food vrithheld. Apr. IS, dady 100 gm. glucose plus 100 cc. Wesson 
oil (vegetable oil) plus 10 gm. kaolin, plus 350 cc. water, by stomach tube. Cath- 
eterization to start metabolism experiment. Apr. 23, catheterization. Dog 
plasma injection intraperitoneally begun. Hay 1, catheterization. Last plasma 
injection. Vomiting occurred throughout the period of injection, and at times 
there was contamination of the urine by vomitus. Maj' 6, catheterization. Dog 
placed on kennel diet. 

Third experiment. Tables 21 and 21-a. Nov. 24, weight 16.2 kg. Plasma 
protein 6.16 per cent; albumin 3.83 per cent; globulin 2.33 per cent; N.P.N. 17 
mg.; plasma volume 763 cc.; blood volume 1384 cc.; red cell hematocrit 45.2 per 
cent. Nov. 24-26, all food withheld. Nov. 27, weight 15.2 kg. Plasma protein 
7.04 per cent; plasma volume 627 cc.; blood volume 1160 cc.; red cell hematocrit 
46.2 per cent. Daflj’, 60 gm. dextrose plus 10 gm. kaolin plus 300 cc. water by 
stomach tube. Catheterization. Dec. 1, catheterization to start metabolism 
experiment. Hemoglobin injections started, intravenously. Dec. 6, hemoglobin 
in urine gross -p; spectroscopically +. This is the onlj- occasion upon which the 
dog showed hemoglobinuria either by gross or spectroscopic examination. Dec. 8, 
catheterization. Dec. 14, last hemoglobin injection. Dec. 15, catheterization. 
Dec. 19, final catheterization. Dog returned to kennel. 

Table 22 gives four experiments on four different dogs. The first 
e.xperiment (Dog 33-324, Table 22) is much like that described above 
(Dog 32-131, Table 21). Heparinized dog plasma was given in large 
amounts and sugar was given in larger doses although to a smaller 
dog. During the 8 days of plasma injection the dog actually gained 
0.2 kg. of body weight and the urinary' N is not increased by' the 
plasma injection — there is a small positive balance between the 
intake N and the urinary N. In the after period we see the urinary' 
N at the level expected from sugar feeding alone and there is no escape 
of any stored N. 

The plasma proteins (Table 22-a, Dog 33-324) show conspicuous 
increases due to the plasma injection but the A/G ratio is unchanged. 
1 here is no escape of protein in the urine. The usual fall in the red 
cell hematocrit is observed due to frequent sampling of blood. 

Clinica! History, Do^ 33-32-i . — Sec Tables 22 and 22-a, first e.xpcrimcnt. 2klav 
IS, plasma protein 5.56 per cent; albumin 3.4S per cent; globulin 2.08 per cent; 
X.P.N. 11 mg. May 25-2S, all food withheld. May 2S, weight 9.7 kg. Dailv, 
6i0 gm. glucose, plus 10 gm. luiolin in 500 cc water, by stomach tube. Catheter- 
kration. June 2, dog plasma injection intravenously started. June 4, following 
the injection the dog developed a marked urticaria and vomited a considerable 
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portion of its sugar. Vomiting occurred daily tlicrcafter throughout tlie period 
of injection. The urine was not contaminated by vomitus however. June 9, 
last plasma injection. June 10, catheterization, June IS, final catheterization. 
Dog put on kennel diet. 


TABLE 22 


Foreign Plasma Protein and Dog Ilcmoglohin Not Conserved by the 

Protein Fasting Dog 
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Dog 33-324 Dog plasma by vein — sugar by stomach tube 




gm. 

gm. 

gm. 
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gm. 

gm. 

if. 

Fore period — sugar 

5 
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2.07 

0.047 

0.1 

o 

CO 

9.0 

Phasma protein 98.4 gm 

8 

1.968 


0.20 

0.092 

0.16 

41.29 

9.2 

After period — sugar 

5 

0 


1.66 

0.113 

0.11 

27.48 

8.3 

Dog 33-136 Horse plasma by vein — sugar by stomach tube 

Fore period — sugar 

S 

0 

3.388 

4.02 

0.110 

M 

33.86 

14.7 

Plasma protein 103.7 gm 

7 

2.371 

4.169 

2.47 

0.150 


44.87 

13.6 

Plasma protein 40.8 gm 

3 

2.183 

7.553 

5.91 
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13.6 

After period — sugar 

4 

0 
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Dog 31-138 Horse plasma intraperitoncally — sugar by stomach tube 
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22.6 

Plasma protein 105.0 gm 
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After period — sugar 

4 
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After period— sugar 

4 

0 
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54.15 
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Dog 33-178 Dog hemoglobin intraperitoncally — sugar by stomach tube 
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The second experiment (Dog 33-136, Table 22) shows the result of 
giving horse plasma intravenously in amounts corresponding to the 
dog plasma experiments. The injections were continued for 10 days 
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at which time e\ddences of “serum hypersensitivity’” developed to- 
gether -n-ith albmninuria and the dog was clinically quite sick. The 
N-P-IST. of the blood rose (Table 22-a) . Several days later the dog was 

TABLE 22-a 


PlasTna Protein, Urinary Protein, Plasma and Red Cell Volume 



Dog 33-324 Dog plasma by vein — sugar by stomach tube 
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Dog 31-138 Horse plasma intrapcritoneally — sugar by stomach tube 


Fore period — sugar 

5 1 

3.97] 
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0 

15 
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3.35 
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21 
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23 
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Dog 33-178 Dog hemoglobin inlrapcriloncally — sugar by stomach tube 


Fore period — sugar 

5 

5.69!3.23!2.46!i.31 
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17 
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54.0 
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0.002 
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killed with ether (clinical history below). chronic nephritis found 
at autopsy explains in part the high urinary escape of protein. 

Horse plasma ir.lrcvcnously (Dog 33-136, Tabic 22) reacts cntirclv 
differently from dog plasma. The urinary N rises to high levels fol- 
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lowing these injections and in the after period continues at even liigher 
levels. In fact there is an escape of more N in the urine above control 
levels than was introduced, to be explained no doubt by the body re- 
action to a foreign protein with the associated clinical symptoms of 
intoxication. In spite of this loss of urinary N the circulating plasma 
contains an excess of protein during and after the horse plasma injec- 
tion periods. The A/G ratio is disturbed in the 1st week (Table 22-c) 
and the N.P.N. rises to 3 times normal. The surplus of circulating 
protein may be thought to be a mixture of horse and dog plasma pro- 
tein and this in fact may be the case but during the after period this 
excess might be due to a contribution from the reserve store wliich we 
know can furnish much new plasma protein. The reaction to foreign 
serum complicates tliis experiment and makes it unsatisfactory. 

The rise in plasma volume (Dog 33-136, Table 22-a) is of some 
interest and may be wholly due to the excess of plasma protein but 
some may choose to explain this apparent rise in plasma volume as 
due to increased permeability of the capillaries sufficient to permit 
escape of the blood volume dye thus giving high readings for blood 
volume 

The red cell hematocrit show's the usual fall due to repeated blood 
samplings although some of this fall may be explained by the increase 
in blood volume if this is real and not due to dye escape. 

Clinical History, Dog 33-136 . — See Tables 22 and 22-o, second experiment. 
Jan. 5, weight 16.6 kg. Plasma protein 5.07 per cent; albumin 3.25 per cent; 
globulin 1.82 per cent; plasma volume 858 cc.; blood volume 1619 cc.; red cell 
hematocrit 47 per cent. Jan. 5-7, all food withheld. Jan. 8, plasma protein 5.21 
per cent; albumin 3.38 per cent; globulin 1.83 per cent; N.P.N. 22 mg.; plasma 
volume 775 cc.; blood volume 1490 cc.; red cell hematocrit 48.1 per cent. Daily, 
60 gm. glucose plus 300 cc. water, b}' stomach tube. Catheterization. Jan. 13, 
catheterization. First injection of horse plasma, intravenously. Jan. 22, last 
plasma injection. Dog quite lethargic. Icteric. Areas of h 3 ^peremia are promi- 
nent over the body surface. Jan, 23, catheterization. Dog more active. Jan. 
26, catheterization. Dog returned to kennel diet. Feb. 3, plasma protein 3.17 
per cent; albumin 1.43 per cent; globulin 1.64 per cent; N.P.N. 56 mg. Dog has 
become progressively more listless since returned to kennel. Now comatose. 
Shows marked edema. Dog killed and autopsied. Autopsy findings : Necrotizing 
bronchopneumonia. Pulmonary edema. Acute splenic tumor. Acute lympha- 
denitis. Chronic nephritis. Cloudy swelling of kidneys. Ulcerations of skin. 
Ascites. Marked edema of lower extremities. 
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therefore that a little of the injected hemoglobin was utilized to keep 
up the high level of the red cell hematocrit. This would seem to pre- 
clude any possibility that the body could use the glohin from hemo- 
globin as it does injected dog plasma proteins in other experiments. 

One significant observation deserves comment (Table 22-a, Dog 
33-178). The A/G ratio changes conspicuously and falls to 0.62 and 
0.55 while the globulin fraction shows a great increase. It is suggested 
that this may be due to the globin from the hemoglobin after the pig- 
ment radicle has been split off. It would appear in the globulin frac- 
tion by the method used. The A/G ratio promptly comes back to 
normal when the hemoglobin injections are discontinued as presum- 
ably the globin was broken down and discarded as excess urinary N. 
During this period the plasma showed bile pigmentation but not any 
red color. The same type of change is noted when the hemoglobin is 
given by vein (Table 21-a, third period) but it is not as conspicuous. 

This apparent increase in globulin and total plasma proteins may 
be due to the glohin from injected hemoglobin, explaining the high 
values for total circulating plasma protein. 

Clinical History, Dog 33-l7S.—See Tables 22 and 22-a, fourth experiment. 
Feb. 5, weight 17.0 kg. Plasma protein 5.61 per cent; albumin 3.82 per cent; 
globulin 1.79 per cent; N.P.N. 21 mg. Feb. 5-7, all food withheld. Feb. 8, 
weight 15.9 kg., plasma protein 5.35 per cent; albumin 2.84 per cent; globulin 2.51 
per cent; plasma volume 503 cc.; blood volume 1061 cc.; red cell hematocrit 52.0 
per cent. Daily, 70 gm. dextrose plus 10 gm. kaolin, plus 300 cc. water, by stomach 
tube. Catheterization. Feb. 13, intraperitoneal hemoglobin injection started. 
Catheterization to start metabolism experiment. Feb. 14, hemoglobin in urine, 
gross + +•, spectroscopically -{- +. Feb. 20, hemoglobin in urine, gross ?; spectro- 
scopically -h. Catheterization. Vomited immediately after injection. Ap- 
peared lethargic for following 18-20 hours. Feb. 23, hemoglobin in urine gross 0; 
spectroscopically H-. Last hemoglobin injection. Feb. 24, catheterization. 
Feb. 28, catheterization. Dog returned to kennel. 

DISCUSSION 

\^^len we found that new hemoglobin in large amounts could be 
produced in the anemic dog while fasting (1) and recalled the ob- 
servation (2) that much new liver protein could be regenerated dur- 
ing protein fasting (chloroform poisoning and liver repair during 
sugar periods), when we observed that from a protein reserve plasma 
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proteins could be produced in large amounts above the basal output 
■tve used the term “d)Tiainic equilibrium” to indicate an ebb and flovr 
between various organ, plasma, and body proteins. TV'e were tempted 
to picture these protein reserves as water spiders skittering about on 
the mill pond of body metabolism activated by the stimulus of the 
moment. It would appear that there are patterns for the actions of 
these water spiders and the pattern for plasma protein movement and 
construction is more limited than the pattern for hemoglobin protein. 

To produce abundant plasma protein the dog must have suitable 
diet food factors or draw upon the reserve protein store and when this 
reserve is depleted so far as we can see the dog is almost wholly de- 
pendent upon food protein to make new plasma protein. There is 
evidence (Table 4, Paper I) that when the protein reserve is e.vhausted, 
during fasting periods the dog can produce little if any new plasma 
protein. This has a bearing upon the nature of this reserve store of 
protein building material for plasma protein. It would seem that 
the reserve store was not in the form of fixed and mature organ protein 
otherwise we -would expect some plasma protein regeneration during 
fasting periods when body protein is being broken down. It is 
possible that this reser\'e store is in the form of an immature or pro 
protein material of large molecular form stored in various organs, for 
example the liver. These substances may be designated as “inter- 
mediates.” 

The possibilities are much more varied and our pattern of beha\'ior 
for hemoglobin much more elaborate as the anemic dog can produce 
new hemoglobin not only from diet factors and from a reserve protein 
store but by conservation of protein -waste products normally present 
during any fasting period (1). Foreign hemoglobins (sheep and 
goose) arc promptly picked up and recast to form new dog hemo- 
globin in anemia, and hemoglobin destroyed in the anemic dog is 
promptly turned over into new hemoglobin and red cells. 

There was a real reason why we wished to know whether the dog 
could utilize the globin from hemoglobin during periods of emergenej'. 
In the plasmapheresis e.xperimcnts wc return an excess of washed red 
cells because many of these introduced cells rapidly go to pieces in the 
circulation. Tlic washing and other trauma presumably injure the 
red cells and shorten their life in the circulation. Could this excess 
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therefore that a little of the injected hemoglobin was utilized to keep 
up the high level of the red cell hematocrit. This would seem to pre- 
clude any possibility that the body could use the globin from hemo- 
globin as it does injected dog plasma proteins in other experiments. 

One significant observation deserves comment (Table 22-c, Dog 
33-178). The A/G ratio changes conspicuously and falls to 0.62 and 
0.55 while the globulin fraction shows a great increase. It is suggested 
that this may be due to the glohiii from the hemoglobin after the pig- 
ment radicle has been split off. It would appear in the globulin frac- 
tion by the method used. The A/G ratio promptly comes back to 
normal when the hemoglobin injections are discontinued as presum- 
ably the globin was broken down and discarded as excess urinary N. 
During this period the plasma showed bile pigmentation but not any 
red color. The same type of change is noted when the hemoglobin is 
given by vein (Table IX-a, third period) but it is not as conspicuous. 

This apparent increase in globulin and total plasma proteins may 
be due to the globin from injected hemoglobin, explaining the high 
values for total circulating plasma protein. 

Clinical History, Dog 33-178 . — See Tables 22 and 22-a, fourth e.'cperiment. 
Feb. 5, weight 17.0 kg. Plasma protein 5.61 per cent; albumin 3.82 per cent; 
globulin 1.79 per cent; N.P.N. 21 mg. Feb. 5-7, all food withheld. Feb. 8, 
weight 15.9 kg., plasma protein 5.35 per cent; albumin 2.84 per cent; globulin 2.51 
per cent; plasma volume 503 cc.; blood volume 1061 cc.; red cell hematocrit 52.0 
per cent. Daily, 70 gm. dextrose plus 10 gm. kaolin, plus 300 cc. water, by stomach 
tube. Catheterization. Feb. 13, intraperitoneal hemoglobin injection started. 
Catheterization to start metabolism experiment. Feb. 14, hemoglobin in urine, 
gross -h; spectroscopically -k+. Feb. 20, hemoglobin in urine, gross ?; spectro- 
scopically -b. Catheterization. Vomited immediately after injection. Ap- 
peared lethargic for following 18-20 hours. Feb. 23, hemoglobin in urine gross 0; 
spectroscopically -f. Last hemoglobin injection. Feb. 24, catheterization. 
Feb. 28, catheterization. Dog returned to kennel. 

DISCUSSION 

When we found that new hemoglobin in large amounts could be 
produced in the anemic dog while fasting (1) and recalled the ob- 
servation (2) that much new liver protein could be regenerated dur- 
ing protein fasting (chloroform poisoning and liver repair during 
sugar periods), when we observed that from a protein reserve plasma 
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proteins could be produced in large amounts above the basal output 
we used the term “d3mamic equilibrium” to indicate an ebb and flow 
between various organ, plasma, and body proteins. We were tempted 
to picture these protein reserves as water spiders skittering about on 
the rnill pond of body metabolism activated by the stimulus of the 
moment. It would appear that there are patterns for the actions of 
these water spiders and the pattern for plasma protein movement and 
construction is more limited than the pattern for hemoglobin protein. 

To produce abundant plasma protein the dog must have suitable 
diet food factors or draw upon the reserve protein store and when this 
reserve is depleted so far as we can see the dog is almost wholly de- 
pendent upon food protein to make new plasma protein. There is 
evidence (Table 4, Paper I) that when the protein reserve is exhausted, 
during fasting periods the dog can produce little if any new plasma 
protein. This has a bearing upon the nature of this reserve store of 
protein building material for plasma protein. It would seem that 
the reserve store was not in the form of fixed and mature organ protein 
otherwise we would expect some plasma protein regeneration during 
fasting periods when body protein is being broken down. It is 
possible that this reserve store is in the form of an immature or pro 
protein material of large moleailar form stored in various organs, for 
example the liver. These substances may be designated as “inter- 
mediates.” 

The possibilities are much more varied and our pattern of beha\'ior 
for hcvwglohin much more elaborate as the anemic dog can produce 
new hemoglobin not only from diet factors and from a reserve protein 
store but b}' conservation of protein waste products normally present 
during any fasting period (1). Foreign hemoglobins (sheep and 
goose) are promptly picked up and recast to form new dog hemo- 
globin in anemia, and hemoglobin destroyed in the anemic dog is 
promptly turned over into new hemoglobin and red cells. 

There was a real reason wh}* we wished to know whether the dog 
could utilize the globin from hemoglobin during periods of emergenev. 
In the plasmapheresis c.\perimcnts we return an excess of washed red 
cells because many of these introduced cells rapidly go to pieces in the 
circulation. The washing and other trauma presumably injure the 
red cells and shorten their life in the circulation. Could this excess 
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hemoglobin be utilized to make plasma protein or other body pro- 
teins? The evidence is against this possibility as given above. 

Evidence that the dog cannot utilize foreign plasma protein and 
cannot utilize the globin from hemoglobin except to form new hemo- 
globin for red cells has been given. This evidence by contrast ac- 
tually strengthens the case for the ready utilization of dog plasma 
protein when given parenterally during protein fasting. We should 
tliink of the plasma proteins as being continuously repleted from the 
food factors as they are called on for various protein needs within the 
body. 

SUMMARY 

Foreign plasma protein (horse) introduced parenterally into the 
protein fasting dog is not utilized in the body economy. Its fate 
appears to be disintegration and elimination as excess urinary nitro- 
gen. This is totall}'- different from the fate of dog plasma protein 
under similar conditions. 

Dog hemoglobin given parenterally to the protein fasting dog is not 
utilized as is dog plasma protein to keep the animal in nitrogen equi- 
librium but the globin is largely broken down and discarded as excess 
urinary nitrogen. A small part of the injected hemoglobin is probably 
utilized to maintain the red cell concentration in the blood at high 
levels. 

Dog plasma given parenterally in a protein fasting dog will maintain 
the dog in nitrogen equilibrium and there is no surplus nitrogen 
elimination in the after periods. It is apparent tliat the introduced 
plasma protein is utilized efficiently in body metabolism to replace or 
repair tissue protein. It is suggested that although this is an emer- 
gency reaction the same reactions may go on in normal internal metab- 
olism. The observation that foreign plasma and dog hemoglobin 
cannot be utilized when given parenterally actually strengthens this 
last argument for a normal contribution from plasma proteins to body 
proteins. 
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NUTRITIONAL EDEjMA IN THE DOG 

I, Development of Hvpoproteinemia on a Diet Deficient in 

Protein 
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{From the Department of Diseases of Children of Columbia University College of 
Physicians and Surgeons, New York) 

(Received for publication, December IS, 1934) 

Two years ago in a paper from this laboratory (1) some observations 
were presented on the development of nutritional edema in the dog. 
The observations were based on experiments with seven animals which 
developed hypoproteinemia and edema after subsisting for variable 
times on a diet low in protein. Since the time of that publication the 
experimentally induced edema has been utilized as a means of study- 
ing particular aspects of the edema problem (2) and a considerable 
array of additional data has been accumulated. In the light of this 
further experience it appears desirable to describe in more detail the 
events which have been observed. The present communication wiU 
deal with the behavior of the serum and tissue proteins during the 
experiments. 


Mclhods 

Animals . — 25 dogs of mongrel breeds used in these experiments Yaried in weight 
from 13 to 22 kDos and averaged 17 kilos. Young adult dogs were selected by 
preference; their ages, not definitely known, were estimated to be between 1 and 
3 years. 

D:et. The first eight dogs in the scries were maintained cither on a sj-nthetic 
diet or a natural food diet, both of which have been described preadously (1). For 
the remaining sev’cntccn dogs the composition of the natural food diet was modified 
by rcmo%’ing the butter fat and suppl>-ing its nutritional cqui\'alcnt with lard and 
cod liver oil. The composition of the modified diet follows: 

Carrots 

35 
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sr>. 

Cod liver oil 10 

Sugar 115 

Salt mixture 5 


The carrots and rice were cooked together for 20 minutes in a small amount of 
water; the lard, cod liver oil, sugar, and salt were added after cooking but while 
the mixture was still hot. Finally water was added until the mixture weighed 
900 gm. This amount represented the quantity offered to eacli dog daily ir- 
respective of its size. It furnished 1,200 calories as calculated from the tables of 
Atwater and Bryant (3) and by our own analysis contained 1,23 gm. nitrogen. 

The salt mixture was similar to that employed by Gamble, Putnam, and 
McKhann (4) except that it contained sodium chloride and a larger amount of 


iron. Its composition follows: 

im. 

Calcium carbonate (CaCOa) 26.0 

Magnesium carbonate, basic ( 3 MgC 03 • Mg(OH )2 • 3HiO) 6.1 

Potassium cliloride (K Cl) 22.4 

Sodium chloride (NaCl) 16.8 

Sodium acid phosphate CNaH 2 P 04 *H 50 ) 20.6 

Sodium carbonate (NaoCOa) 4.1 

Ferric ammoiuum citrate (Fe 2 (NH 4 ) 2 (C 6 Hb 07)2 • 3 H 2 O) 4.0 


Additions to and subtractions from the salt mixture were made from time to 
time with some dogs and will be described as the occasion arises. During all 
experiments no restriction was placed on the intake of water. 

Mctabolisvi Observations . — ^During the experiments the dogs were kept in metab- 
olism cages and their natural activity was therefore restricted. The tjTpe of cage 
permitted complete collection of stool and urine. Stools were transferred daily 
to a container kept at refrigeration temperature and were covered with sufficient 
distilled water to prevent desiccation. At the end of each period, usually 7 daj’s, 
the total collection with added water was weighed, and then thoroughl)' stirred 
witli a mechanical mixer for approximately Yz hour. Weighed aliquots from tlie 
resulting homogeneous mass were used for analysis. Urine was collected in bottles 
containing a small amount of toluol and the daily volume carefull}- measured. 
The urines from each metabolism period were usually combined before anal3'sis 
although in some instances the daily voidings were analyzed separatel 3 x At the 
end of each period the cages were washed thoroughly with approximatel 3 ’^ 2 liters 
of distilled water and the washings saved for anal 3 'sis. The intake of the elements 
studied was calculated from the known composition of the diet and the weighed 
quantity of food consumed each day. Only distilled water was offered for drinldng 
during periods of metabolism study. 

Blood Samples . — ^Blood for analysis was obtained at intervals of from 1 to 3 
weeks by puncture of the femoral arte^>^ In some e.xperiments the anal 3 'ses were 
made on serum and in some on plasma in which coagulation had been prevented 
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by the addition of heparin, 1 mg. for each ca of blood. The samples were not 
protected with oil against loss of CO 2 as it was not possible to demonstrate sig- 
nificant change in the blood protein when this precaution was taken. 

Analytical Procedure . — ^Methods for the determination of nitrogen and of the 
serum or plasma protdns have been described previously (1). The micro Kjel- 
dahl apparatus for distillation of ammonia in steam, which we have used, is s imil ar 
to that described by Peters and Van Slyke (5) and by these authors is attributed 
to Goebel. A calculation of the accuracy, or better the reprodudbilit}', of analyti- 
cal results for protein obtained by this method has been made from data secured in 
duplicate determinations on 152 samples of serum. ^ The calculation for total 
protein expressed as grams per 100 cc. shows a probable error of measurement 
{PE 31 ) of 0.077 for a single determination and a PEji of 0.054 for analyses which 
represent the average of duplicate determinations. AU analj-ses in this investiga- 
tion were performed in duplicate. The result means that the chances are even 
(50-50) that a given analytical figure wiU not difier by more than 0.054 gm. from 
the theoretical average of an infinity of determinations on the same sample. 
Furthermore, the chances are 993 in 1,000, i.e. practically certain, that the figure 
wfll not differ from the true average by more than four times this amount or 0.22 
gm. The calculation in the case of albumin reveals a PE^r of 0.069 gm. per cent 
for a single determination and a PEjf of 0.050 gm. per cent for anal>-ses which 
represent the average of duplicate determinations. 


Blood Proteins of Normal Dogs 


An e.^amination of the data from these and other experiments dis- 
closes 57 analyses of the serum or plasma proteins in normal dogs. 
The average results with accompanying statistical data are presented 
in Table I. In general the figures for total protein agree with those 
presented by other authors although there is considerable discrepancy 
in the albumin and globulin fractions; that is, our series has yielded 
lower levels for albumin and higher levels for globulin. In 35 normal 
dogs Hur^vitz and ’(Mupple (6) found, by a microrefractometric 
method, concentrations of albumin between 3.5 and 6.0 gm. per cent 
and an average concentration of 4.6 gm. per cent. In this series the 
average albumin concentration was 3.3 gm. per cent and the indi- 
vidual findings were between 2.3 and 4.3 gm. per cent. Similarly 
Ilurwitz and Whipple reported globulin variations between 0.4 and 2.S 
gm. per cent and an average of 1.5 gm. per cent, whereas in our scries 


^ Ihc methexis of staibtical anab’sis c’ 
Garre.*, H. I-.., Slaiisifcs ia psvchologv 
Crcea and Co.. t'32f>. 


aiploycd in this paper were taken fro 
and education, New York, I^ongrra: 
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Jim. 

Cod liver oil 10 

Sugar 115 

Salt mbcturc 5 


The carrots and rice were cooked together for 20 minutes in a small amount of 
water; the lard, cod liver oU, sugar, and salt were added after cooking but while 
the mbcture was still hot. Finally water was added until the mhcture w'cighed 
900 gm. This amount represented the quantity offered to each dog daily ir- 
respective of its size. It furnished 1,200 calories as calculated from the tables of 
Atwater and Bryant (3) and by our own analysis contained 1.23 gm. nitrogen. 

The salt mkture was similar to that employed by Gamble, Putnam, and 
McKhann (4) except that it contained sodium chloride and a larger amount of 


iron. Its composition follows: 

jm. 

Calcium carbonate (CaCOj) 26.0 

Magnesium carbonate, basic (SMgCOa • Mg (OH )2 • SHoO) 6.1 

Potassium chloride (KCl) 22.4 

Sodium chloride (NaCl) 16. S 

Sodium acid phosphate (NaH 2 P 04 *H 20 ) 20.6 

Sodium carbonate (Na 2 C 03 ) 4.1 

Ferric ammonium citrate (Fe2(NH4)2(C6H607)2'3H20) 4.0 


Additions to and subtractions from the salt mixture were made from time to 
time with some dogs and will be described as the occasion arises. During all 
experiments no restriction was placed on the intake of water. 

MelaboUsm Obscnalious . — During the e.xperiments the dogs were kept in metab- 
olism cages and their natural activity was therefore restricted. The tj’pe of cage 
permitted complete collection of stool and urine. Stools were transferred daily 
to a container kept at refrigeration temperature and were covered with sufficient 
distilled water to prevent desiccation. At the end of each period, usually 7 days, 
the total collection with added water was weighed, and then thoroughlj’^ stirred 
with a mechanical mixer for approximately hour. Weighed aliquots from the 
resulting homogeneous mass were used for analysis. Urine was collected in bottles 
containing a small amount of toluol and the daily volume carefuUj'- measured. 
The urines from each metabolism period were usually combined before analj'sis 
although in some instances the daily voidings were analyzed separately. At the 
end of each period the cages were washed thoroughly with approximately 2 liters 
of distilled water and the washings saved for analysis. The intake of the elements 
studied was calculated from the known composition of the diet and the wdghed 
quantity of food consumed each day. Only distilled water was offered for drinking 
during periods of metabolism study. 

Blood Samples . — ^Blood for analysis was obtained at intervals of from 1 to 3 
weeks by puncture of the femoral artery. In some experiments the analyses were 
made on serum and in some on plasma in which coagulation had been prevented 



A. A. WEECH, E. GOETTSCH, AND E. B. REEVES 301 

by the addition of hepaiin, 1 mg. for each cc. of blood. The samples were not 
protected with oil against loss of CO 2 as it was not possible to demonstrate sig- 
nificant change in the blood protein when this precaution was taken. 

AtialylicaJ Procedure . — ^Methods for the determination of nitrogen and of the 
serum or plasma proteins have been described previously ( 1 ). The micro Kjel- 
dahl apparatus for distillation of ammonia in steam, which we have used, is similar 
to that described by Peters and Van Slyke ( 5 ) and by these authors is attributed 
to Goebel. A calculation of the accuracy, or better the reproducibility, of analyti- 
cal results for protein obtained by this method has been made from data secured in 
duplicate determinations on 152 samples of serum. ^ The calculation for total 
protein e.\pres5ed as grams per 100 cc. shows a probable error of measurement 
(PExr) of 0,077 for a smgle determination and a PE^f of 0.054 for analyses which 
represent the average of duplicate determinations. All anal>-ses in this investiga- 
tion were performed in duplicate. The result means that the chances are even 
( 50 - 50 ) that a given analviJcal figure will not differ by more than 0.054 gm. from 
the theoretical average of an infinity of determinations on the same sample. 
Furthermore, the chances are 993 in 1 , 000 , i.e. practically certain, that the figure 
will not differ from the true average by more than four times this amount or 0.22 
gm. The calculation in the case of albumin reveals a PEn of 0.069 gm. per cent 
for a single determination and a PE^ of 0.050 gm. per cent for anal>'ses which 
represent the average of duplicate determinations. 

Blood Proteins of Normal Dogs 

An e.'camination of the data from these and other experiments dis- 
closes 57 analyses of the serum or plasma proteins in normal dogs. 
The average results with accompanying statistical data are presented 
in Table I. In general the figures for total protein agree with those 
presented bj’ other authors although there is considerable discrepancy* 
in the albumin and globulin fractions; that is, our series has yielded 
lower levels for albumin and higher levels for globulin. In 35 normal 
dogs Hunvitz and \Mupple (6) found, by a microrefractometric 
method, concentrations of albumin between 3.5 and 6.0 gm. per cent 
and an average concentration of 4.6 gm. per cent. In this scries the 
a\cragc albumin concentration was 3.3 gm. per cent and the indi- 
\idual findings were between 2.3 and 4.3 gm. per cent. Simiiarlv 
Iluraitz and Whipple reported globulin variations between 0.4 and 2.8 
gm. per cent and an average of 1.5 gm. per cent, whereas in our scries 

' The methods of statistical anal>-sis cmployci in this paper were taker, from: 
C..irTctt, H. n.. Statistics in psychology and education, New York. Ixmrm.-.ns, 
Green and Co., 1026. 
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of 38 serum analyses the range was from 1.8 to 5.4 gm. per cent and tlie 
average value was 2.7 gm. per cent. The values reported in 1883 by 
Burckhardt (7), who used an antiquated and cumbersome method of 
analysis, digress even further in the direction of high levels for albumin 
and low levels for globulin. It is possible that difference in diet and 
previous illness may be factors in explaining the discrepancies. How- 
ever, they probably result chiefly from difference in analytical pro- 
cedure. 

The statistical data in Table I show that globulin exhibits a wider 
range of normal variation than albumin. Indeed the variations en- 


TABLE I 

Proteins in Scnim and Plasma of Normal Dogs 



Average 
per 100 cc. 

Standard 
deviation of 
distribution 

Standard 
error of 
average 

CoelEcicnt 

of. 

variation 


Serum (38 dogs) 


Srrt* 




Albumin 

3.26 

0.48 


14.8 

Globulin 

2.72 

0.76 

WSBM 

27.8 

Total protein 

5.98 

i 

0.67 

0.11 

11.3 


1 Plasma (19 dogs) 

Albumin 

3.38 

■a 


■ff 

Globulin 

2.98 

WXm 

KISH 


Total protein 

6.36 

0.71 

0.16 

■■ 


countered in the globulin analyses are greater than those recorded for 
total protein. The fact suggests that albumin and globulin are not 
completely independent variables but that there is a certain tendency 
for low albumin to be associated with high globulin and vice versa. 
To evaluate the possible relationship we have determined the coefficient 
of correlation between albumin and globulin in the 38 analyses of 
serum and found it to be — 0.49.- The probable error of the coefficient 

-A negative correlation coefficient between two variables indicates that tlie 
relation is inverse, that is, that a large degree of one is associated with a low degree 
of the other and vice versa. 
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is 0.08. This means that the chances are even that the true coefficient 
falls -ndthin the limits -0.49 ± 0.08 and that the chances are 9,999 in 
10,000 that it has at least a negative value. It is therefore certain 
that a negative correlation does exist between the albumin and globu- 
lin of normal dogs but with the data available it is not possible to prove 
a high correlation. 

The averages given in Table I also show that the globulin of plasma 
is slightly higher than the globulin of serum, the difference being 
0.26 gm. per cent. The number of animals is not sufficient to prove 
that the difference is significant, although it is apparent that a real 
difference must exist from the circumstance that fibrinogen and serum 
globulin are included together when plasma is analyzed by the method 
used in this investigation. In subsequent portions of this paper in 
which the trend of the serum proteins will be pictured from average 
results in a group of animals, we have diminished the values for 
globulin and total protein by 0.3 gm. per cent when plasma rather than 
serum was analyzed. This means of adjusting plasma and serum 
analyses to a common basis is of course only approximate but because 
of the relatively small size of the fibrinogen fraction it cannot intro- 
duce significant errors. The analyses were about equally divided 
between serum and plasma. 

Effect of Inadequate Dietary Protein on Scrum Proteins 

The protocols disclose 21 animals in which diet was the only sig- 
nificant factor in the production of hj’poproteinemia for a period of 
50 days. In several other experiments initial periods of plasmapheresis 
render the data unsuited for studjdng the uncomplicated effect of diet. 
\\ ith some of the 21 animals the effect could be followed for a longer 
lime; with eight dogs through the 80th day and with three dogs for a 
hundred days or longer. Altogether 150 determinations of albumin, 
globulin, and total protein are available for analysis. The results for 
albumin and total protein are presented graphically in Chart 1. In 
order to construct a composite curve from the results, the scrum 
proteins were calculated by interpolation for each dog at 10 day inter- 
vals throughout tlic period of observation. The average values at 
these intervals together with their standard deviations arc presented 
in Chart 2. Both charts indicate the downward trend of albumin and 
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total protein with continuance of the diet. It is seen more clearly in 
Chart 2 that the decline is most rapid during the early days on the 
diet, that it becomes progressively slower during subsequent periods, 
and that terminally the rate of fall is again accelerated. The termi- 
nal rapid fall is seen better in the separate protocols and is somewhat 
obscured in the curves of averages because of its occurrence at differ- 
erent times in diiOferent animals. 

Chart 2 also shows that average globulin concentration is almost 
unaffected by the diet. The terminal values are very slightly, and not 



Chart 1. The results of 150 determinations of the albumin and total protein 
of serum in 21 dogs which were maintained on the protein-deficient diet. 

significantly, higher than the initial. In a previous communication 
(1) we reported a tendency for globulin to rise in association with the 
fall in albumin. This was indeed true in a number of experiments in 
most of which the initial values for globulin were rather low. In other 
experiments, however, the initial levels were higher and the diet 
resulted in a decline rather than a rise. The circumstance has led us 
to inquire whether maintenance on the diet may not lead to greater 
uniformity in globulin concentrations than are encountered in normal 
animals. Table II presents calculations in which the possibility is 
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of the diet. These animals lost an average of 1.77 gm. nitrogen daily 
during the first 2 weeks of maintenance on the diet and an average of 
only 0.85 gm. during the last 2 weeks. A similar progressive diminu- 
tion in the nitrogen loss has been described by Liu and his collaborators 
(8) among patients who were subsisting on low protein diets similar to 
those prevalent in the famine districts of China. The adaptive ability 
of the body in adjusting its metabolic processes so as to spare protein 
is further seen from the circumstance (Table III) that the decrease in 
the amount of nitrogen lost has taken place in spite of a marked 
reduction in the quantity of food consumed. The table does reveal a 
rise in the loss of nitrogen with each sharp drop in the intake of food 


TABLE n 


Course of the Scrum Globulin in 21 Dogs Maintained on Frotcin-Dcjicient Diet 


Time maintained on 
defective diet 

Average per 100 cc. 

Standard deviation of 
distribution 

CoefEcient of variation 

days 

gm. 



Start 

2.65 

0.77 

29.1 

10 

2.69 

0.63 

23.3 

20 

2.72 

0.52 

19.2 

30 

2.72 

0.50 

18.4 

40 

2.75 

0.49 

17.7 

50 

2.74 

0.46 

16.9 

60 

2.78 

0.52 

18.6 

70 

2.88 

0.67 

23.4 

80 

2.74 

1 

0.70 

25.7 


but the rises are not sufficient to compensate for the general progressive 
decline in nitrogen excretion. The average daily loss of nitrogen for 
all of the animals studied was 1.15 gm. It is evident that the figure 
would be greater if more animals had been studied during the initial 
weeks of maintenance on the diet. 

Relation between Negative Nitrogen Balance and Decline in Serum 

Albumin 

The data presented in the preceding sections permit an estimate of 
the relationship between loss of albumin from the circulation and loss 
of nitrogen from the body as a whole. The average initial weight of 
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circulation was only 4 per cent of the loss from the organism as a whole. 
A similar calculation based on the first 60 days of maintenance on the 
diet shows only 3 per cent of the total nitrogen loss accounted for by 
the decline in albumin in the serum. For purposes of simplicity we 
have omitted from the calculations consideration of the decline in 
plasma volume which has been reported to accompany plasma albumin 
deficits. In our experience the decline averages around 20 per cent 
of the initial volume and the error introduced by simplifying the cal- 
culation would seem to be compensated by the low figure used for total 

DAYS OK PROTEIN- DEFICIEHT DIET 



Chart 3. Spontaneous regeneration of the albumin of serum associated with 
partial fasting and rapid loss of weight. 

daily nitrogen loss. At all events it is desired merely to stress the 
discrepancy which exists between serum loss of nitrogen and total 
loss of nitrogen, a discrepancy which must remain after refinements 
of computation. 

Spontaneous Regeneration of Plasma Protein at Expense of Tissue 

Protein 

In the majority of experiments, as has been described, depletion 
of the tissue proteins has been accompanied by gradually declining 
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We have been forced to believe that the serum albumin in tliis 
animal was regenerated at the expense of catabolized tissue protein. 
The_ belief is strengthened by the subsequent course of events, when 
the dog began to eat voluntarily, and tlie serum albumin again de- 
clined, not acutely, but gradually, as during tire early days of the 
experiment. 


DAY or EXPERIMENT 



Chart 5. Replenishment of the serum proteins from feeding a diet adequate 
in protein in an animal in which recovery was very slow. At the start of the 
experiment the albumin concentration was 3.9 gm. per cent. The lowest level 
recorded was 1.4 gm. per cent on the 85th day. After 38 days of adequate feeding 
it had again risen to 2.9 gm. per cent. 

Scrum Proteins during Recovery 

If the process of serum protein depletion is interrupted by adminis- 
tering a diet containing adequate protein, it is usually possible to 
bring about a return to normal health. If the protein is fed before 
marked weakness and loss of vitality have ensued, the rise in the serum 
albumin may be astonishingly rapid. In one experiment on a diet of 
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milk and meat the albumin rose from 1.1 to 2.8 gm. per cent in 10 daj-s. 
In a few animals the attempt to evoke recovery was not made imtfl. 
the physical condition was critical and it seemed that life could not be 
prolonged on the low protein diet for more than a few daj’S. Due to 
weakness and severe anorexia these animals may require much careful 
nursing before health is restored. We have usually begun by admin- 
istering daily milk gavages and have added casein, lean meat, or liver 
to a diet composed chiefly of bread and vegetables in attempts both to 
provide protein and to stimulate appetite. Under this treatment an 
immediate rise in both the albumin and globulin fractions of serum 
has always been observed. The rise need not, however, be associated 
immediately with improvement in the physical condition and some 
dogs have died at this stage. In others restoration of vitality and 
return of the serum proteins to normal levels occurs but may be an 
extremely slow process. Chart 4 illustrates the phase of recover^' in 
an average animal. In this experiment the serum proteins had re- 
turned to normal levels after 29 days on a diet containing added nulk, 
meat, and liver consecutively. Chart 5 outlines an experiment in 
which restoration of the normal blood protein pattern was greatly 
delayed. With this animal feedings by gavage were necessary for 
many days and even after 38 days of adequate protein intake, the 
period embraced by the chart, the serum proteins were still appre- 
ciably removed from the prc\ious level of health. 

Charts 4 and 5 both show that the feeding of adequate protein is 
followed immediate!}- by a rise in serum globulin as well as in albumin. 
The regeneration of globulin often leads to concentrations which are 
above normal. Subsequently as the albumin continues to rise the 
globulin again sinks until the normal ratio is reestablished. This c.x- 
pcricncc has been a general one. The course of events is quite analo- 
gous to that described by Wccch and Ling (9) in human beings during 
recover}- from the h}'poproteinemia of famine edema. 

Our experiments have ^-ieldcd no clue as to which of the several 
dietary- proteins produced the most rapid regeneration of serum 
protein. It is generally agreed that animal protein is more suitable 
than vcgct.ahlc protein and for this reason we have employed protein 
of animal origin only. Between the several proteins there has been 
little to choofe. \\c have felt that progress was more satisfactory- 
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when the individual animal’s whims of appetite were catered to tlian 
when persistently trying the effect of this or that t)T 3 e of protein. In 
a subsequent paper it "will be shown that dogs deprived of protein for 
long periods present liistologic and sjonptomatic evidence of liver 
damage. It is possible that replenishment of the serum proteins 
is determined not only bj'^ adequate diet but also by tlie time required 
for restoration to anatomic and physiologic normality of those organs 
which are concerned in the synthesis of serum protein. 

DISCUSSION 

In a recent publication Bloomfield (10) has brought together a 
number of reasons for suggesting that loss of protein in the urine and 
lack of protein in the diet are not in themselves sufficient to account 
for the phenomenon of hypoproteinemia. This he refers to as the 
inadequacy of “the loss and lack theory.” More recently Holman, 
Mahoney, and Whipple (11) have suggested the existence of a “dy- 
namic equilibrium between tissue protein and plasma protein” which is 
governed by “the physiological needs of the moment.” Inasmuch as 
an understanding of the nature of an equilibrium would probably go 
far toward explaining the inadequacies of the loss and lack theor}’’, 
it appears worth while to summarize the evidence for and against the 
equilibrium concept. 

A. In favor of the existence of an equilibrium between tissue protein 
and plasma protein, the following facts may be cited; 

1. The studies of nitrogen balance reported in this paper show that 
the depletion of the plasma protein in dogs which results from main- 
tenance on a low protein diet is accompanied by a much larger loss of 
protein from the tissues. 

2. The common forms of h 3 q)oproteinemia in the human being are 
accompanied by malnutrition and asthenia which are probably indi- 
cative of tissue protein deficit. The amount of nitrogen retained 
during recovery from human nutritional edema far exceeds the quan- 
tity required to restore the plasma proteins to normal levels (8, 12). 
One of the patients studied by Schittenhehn and Schlecht retained 16 
gm. out of 21 gm. of nitrogen ingested in a single day. 

3. In plasmapheresis ex'periments sudden withdrawal of plasma 
protein from the animal is followed by the regeneration of a new 
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supply even though the animal be fasting (13). T\'ith repeated 
plasmapheresis over a number of days the reduction in plasma -protein 
is small in comparison vrith the volume of blood vrhich must be ex- 
changed. In one experiment in this laboratory conducted over a 
period of 12 days it was estimated that each 4 gm. of albumin with- 
drawn from the droilation effected a reduction of only 1 gm. in the 
circulating amount and that 7.5 gm. of globulin were removed for each 
gram of reduction in this fraction. Moreover, the attained degree of 
hj'poproteinemia was temporary and followed by further regeneration 
when the bleedings were stopped. 

4. The nitrogen requirement of the tissues can be met by suitable 
amounts of plasma protein injected intravenously. WTth such injec- 
tions Holman, Mahoney, and WTiipple (11) have shown that dogs 
receiving only sugar by mouth can be maintained “practically in nitro- 
gen equilibrium.” Large amounts of injected protein do not produce 
abnormally high concentrations in the recipient, the protein being 
removed apparently to supply tissue needs. 

5. Analogies exist which show that under stress there may be an 
interchange of protein-building material between other tissues in the 
body. Davis and WTiipple (14) demonstrated that dogs which exhibit 
hepatic necrosis from poisoning with chloroform can regenerate the 
liver back to normal on an intake of sugar alone. 

B. In conflict ■ndth the concept of an equilibrium between tissue 
protein and plasma protein, the following facts may be died: 

1. The c.xperimcnt illustrated in Chart 3 shows that tissue protein 
and plasma protein do not always move in a parallel manner and that 
occasionalK* the plasma protein may rise while the tissue protein falls 
in a waj' which appears to be at complete variance with the existence 
of an equilibrium between the two. 

2. In these c.xperimcnts there has been no apparent relationship 
between the original state of nutrition and muscular development of 
dogs and the rapidity with which they developed h\-poproteinemia. 
IMicn the c.\pcrimcntal program was started it was supposed that 
edema levels might be reached more quickly if the initial nutritional 
status was poor. Tlic supposition was in error. The results arc more 
satisfactoiy when norm.ally nourished vigorous animals arc chosen. 
In the c.xperimcnt referred to in the preceding paragraph the rate of 
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decline in tlie plasma protein following the episode of spontaneous 
regeneration was not more rapid than is observed in normal animals 
de novo. 

3. During recovery from nutritional edema, both in man and in the 
dog (15), the plasma proteins may regenerate to normal levels in less 
time than is required for the restoration of normal nutrition. 

4. Although experience with human beings shows that plasma pro- 
tein deficits are generally associated with malnutrition, the reverse is 
not true and severely malnourished individuals are frequently en- 
countered in whom the plasma proteins have a normal level. 

5. Complete fasting is usually not attended by significant reduction 
in the concentration of protein in the plasma (13, 16). The e.xplana- 
tion, that fasting does lead to a loss of protein from the circulation 
but that concentration is maintained at the expense of reduction in 
blood volume, is not satisfying as it is difiicult to think of an equilib- 
rium between tissue protein and plasma protein which depends upon 
total quantities rather than upon concentrations. 

6. Bloomfield (10, 17) has shown that rats maintained on various 
synthetic diets of low protein content or on a diet composed of dry 
carrot powder do not exhibit progressive hypoproteinenaia, whereas on 
a diet of fresh carrots the phenomenon does ensue. In both groups 
loss of weight was interpreted as evidence that lack of protein had 
rendered the diets inadequate for maintenance. Bloomfield sug- 
gested that difference in water content of the diets might be the deter- 
mining factor. In any case the experiments indicate again that loss 
of tissue protein and loss of plasma protein do not always go hand in 
hand. Because of the importance of Bloomfield’s observations it is to 
be hoped that figures showing the nitrogen balance will eventually be 
supplied to provide final proof of loss of protein, as opposed to fat and 
possibly glycogen, from the body. We may note in passing that 
progressive hypoproteinemia has been observed in this laboratory to 
develop in dogs maintained on a synthetic diet somewhat similar to 
that employed by Bloomfield. 

In the present state of knowledge it is impossible to reconcile all 
of the facts presented above. It has seemed desirable to list tliem 
merely because in so doing issues are rendered apparent which may 
become the starting point for new experiments. It is clear that tlie 
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possibility of exchange of substance between tissue protein and plasma 
protein does exist and that under appropriate stress either protein 
may act as a restorative for the other. It is not clear, however, that 
the exchange results from a direct equilibrium between the two pro- 
teins. Under circumstances which are not understood, tissue protein 
alone may suffer when the nitrogen balance is negative and when both 
proteins have been depleted tissue protein may suddenly, and for 
totally obscure reasons, suffer additional losses which permit the 
replenishment of plasma protein. Because in many instances a re- 
storative action of this nature is in abeyance, it is not justifiable to 
postulate injury of the blood protein-forming mechanism. The 
mechanism may fail simply for lack of raw material which must be 
supplied from other sources. 

In spite of many points the nature of which remains obscure, the 
data presented in this paper support the contention of Bloomfield that 
the loss and lack theory alone is an inadequate explanation of hypo- 
proteinemia. We have hoped that some of the data might carry 
therapeutic implications. So long as the theorj' is believed there can 
be little justification for attempting to restore the plasma proteins by 
other means than the feeding of adequate protein. The phj-sidan, 
and particularly the pediatrician, knows how difficult such feeding 
may be in the face of severe anorexia and when attempts to force the 
diet regularly lead to vomiting. At the present time it is not un- 
justifiable to hope that a way will be found for stimulating an internal 
readjustment to provide temporary relief, a way which will depend 
upon the potential abilitj* of the tissues to pro\nde sufficient protein 
for the needs of the plasma. 

SUIQIARY 

1. The concentration of protein in the serum and plasma of normal 
dogs is given. Analyses of serum from 3S animals deldcd the follow- 
ing averages and standard delations, fc) for albumin: 3.26 d: 0.48 
gm. per cent, (f>) for globulin: 2.72 i 0.76 gm. per cent, and (c) for 
total protein: 5.9S d: 0.67 gm. per cent. Analyses of plasma from 19 
animals showed, (a) for albumin: 3.3S i 0.3S gm. per cent, (b) for 
globulin: 2.98 i 0.55 gm. per cent, and (c) for total protein: 6.36 dr 
0.71 gm. per cent. 
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2. A diet for dogs is described, the feeding of which results in a 
progressive decline in the concentration of protein in the serum. A 
composite curve constructed from the findings ^vith 21 animals dis- 
closes a rapid initial fall and a slower subsequent decrease in alb umin 
and total protein and an approximately constant level for globulin. 
The course of the globulin curve was subject to wide variation in 
separate experiments, both increases and decreases being recorded. 

3. With five dogs the nitrogen balance was followed through a 
total of 42 metabolism periods of approximately 7 days each. The 
average daily loss of nitrogen was 1.15 gm. Approximate calculations 
disclose that only 3 or 4 per cent of the nitrogen eliminated is ac- 
counted for by the decline in circulating protein, the remainder being 
represented by loss from the tissues. 

4. An episode is described with one dog when, during a period of 
self-imposed fasting, the serum albumin regenerated to a normal level, 
apparently at the expense of catabolized tissue protein. 

5. The course of serum proteins is described during the recovery 
which follows interruption of the low protein diet and return to a 
regime of adequate feeding. 

6. A discussion is given of the relationship between tissue proteins 
and plasma proteins. The data permit one to entertain the hope that 
a way will be found for stimulating an internal readjustment to pro- 
vide temporary relief from hypoproteinemia, a way which will depend 
upon the potential ability of the tissues to provide sufficient protein for 
the needs of the plasma. 
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RENAL DAAIAGE FOLLOWING THE INGESTION OF A DIET 
CONTAINING AN EXCESS OF INORGANIC PHOSPHATE 

By EATON M. MacKAY, M.D., akd JEAN OLIVER, M.D. 

{From the Scripps Metabolic Clinic, La Jolla, California, and the Department of 
Pathology of Ike Long Island College of Medicine, The Hoagland Laboratory, 

Brooklyn) 

Plates 12 to 14 

(Recdved for publication, November IS, 1934) 

The addition of an excess of add or basic sodium phosphate to the 
food’of young albino rats is followed (1) by a remarkable increase in 
the size and weight of the kidneys. The gross appearance of these 
organs is not entirely normal and histological examination disdoses 
extensive pathological changes which have resulted from the adminis- 
tration of inorganic phosphate (2). A description of this renal lesion 
and a scries of experiments which demonstrate that it is due to a 
spedfic effect of the phosphate ion form the subject of the present 
communication. 


Methods 

The general csperimenlal procedure has been described in detail elsewhere (3). 
Female albino rats were used as the c-xpcrimcntal animal. In each case the}' were 
removed from the mother and placed upon the experimental diet when c-xaclly 
26 da}'s of age. 44 d3}'s later, that is, when the rats were 70 daj's old, they were 
etherised and killed. .Anatomical measurements were then made in the manner 
whidi has been described. Although changes in renal weight were the main in- 
terest, the weights of the heart and liver were also recorded. The kidnej-s and 
pieces of the heart and liver were preserved in Orth’s fluid for histological 
examination. 

Throughout each experiment every rat was weighed daily. If ihc.'-c was a loss 
of weight for scs'cral days the rat w-as removed from the experiment for it then 
Itecame questionable whether or not its food intake, and hence the quantity of 
ingested phosph.ate, was comparable with that of others of the group. The dailv 
fooil int.aV.c {>cr rat was determines! by mc-aruring the amount of food cons'umed bv 
gnrjjis of 4 to 6 rats over 2 day i^eriods. 
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Experimental Diels 

Experiments were carried out with nine different diets containing 
inorganic phosphate in five different forms. All of the diets were 
identical in so far as their protein, fat, carbohydrate, basic mineral and 
vitamin-containing food content were concerned. Their caloric value 
was also identical. They differed only in the amount and type of 
inorganic phosphate which they contained. 90 per cent of these diets 
was composed of the mixture described in Table I. The rema inin g 

TABLE I 

Control and Basal Did 


Com-starcli 

Casein 

Lard 

Cod liver oil 

Salt mixture (Osborne and Mendel) 

Dried yeast 

Wheat germ 

Agar-agar 


1 gm. — 4.8 calories 


Element 

Per cent of diet 

Per cent of calories 

1 

Protein 

17.2 

14.8 


25.1 

48.6 

Carbohydrate. 

42.7 

.36.6 

Watpr 

6.3 


/ 

3.4 


Salts 

5.2 




fer cent 

41.0 

15.0 

15.0 

9.0 

4.0 

4.0 

10.0 
2.0 


constituents of each of the diets are summarized in Table II. The 
phosphate content and changes in the sodium and potassium con- 
tained in each diet are given in Table III. Diet 2 is strongly acid and 
acid-producing and Diet 5 strongly alkaline before and after being 
metabolized. Diet 3 is definitely acid and No. 4 definitely alkaline 
while the remainder are more nearly neutral. From 18 to 25 rats 
comprised tlie group which was fed upon each diet. Since more than 
3 years intervened between the first (Nos. 1,3 and 4) and the remain- 
ing phosphate experiments, two control experiments were carried out 
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on Diet 1, one (No. 1) with the original group and a second (No. la) 
3 years later. They gave essentially the same results and are evi- 
dence of the constancy of the experimental conditions. 


TABLE n 


Erperiment 

No. 

Agir-apir 

HJOi 


NajHPOi 

NaJO. 

KHiPOi 

KsHPOi 


fer coit 

fer cent 

percent 

Per cent 

1 per cent 

Percent 

^ Percent 

1 ^ 

1 

10.00 







2 

6.54* 

2.94 






3 

4.50 


5.50 





4 

3.50 



6.53 




5 

1.70‘ 




4.92 



6 

6.07 


1.80 

2.13 ! 




7 

4.10 


2.71 

3.19 




8 

2.14 


3.60 

4.26 




9 

5.35 





2.04 

2.61 


• These ingredients do not total 10 per cent because of water in the phosphate 
compound which made up the difference. 


TABLE m 


n 

Fom o! tdded phosphite . 

Added 

phosphite 

Totil 

phosphite 

Added 

sodiun 

Totil 

sodiua 

Added 

polisslua 

Totil 

potissi’ja 

IH 

Per 100 SSL food 



n.-fj.* 


n.-e^. 


rt.-e;. 


1 



20.0 

1 

5.3 



2 

H,PO, 

90.0 

110.0 

1 

5.3 



3 

NaHjPO. 

138.0 

158.0 

46.0 

51.3 


B 

4 

Na.HPOi 

138.0 

158.0 

92.0 

97.3 


12.9 

5 

Na>ro« 

90.0 

110.0 

90.0 

95.3 


12.9 

6 

NaH,PO,(45) 

90.0 

110.0 

45.0 

50.0 


12.9 


+Na,Tn’0.(45) 






7 

NanjPO,(67.5) 

135.0 

155.0 

67.5 

72.8 ' 


12.9 


-hNa>m’0,(67.S) 






s 

Nan,PO.(90) 

ISO 0 

200.0 

90.0 

93.3 


12.9 


+Na:HPO.(90) 






9 

KHiPO,(4S) 

90.0 

110 0 


5.3 

i 45.0 

57.9 


■fK,nro.(-5S) 





1 

i 



M.-cq. - mnii.cqmvalcnts; phosphorus assumed to be Iriralenl. 


RESULTS 

In Icxt'lip. 1 have been charted for cadi of the ten groups, grow'th 
in terms of the mean daily body weight, and food intake on the basis 
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TABLE IV 

Group Meatu of Anatomical Measurements Made at Death 
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TABLE IV 

Group .\feans of Anatomical Measurements Made at Death 
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TABLE IV 

Group Means of Anatomical Measurements Made at Death 
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of the mean daily caloric intake, and phosphate consumption in rela- 
tion to the calculated body surface, during the period of the experi- 
ment. Although the effect varies all of the phosphate diets had a 
deleterious effect upon the growth of the animals. 
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phosphate intake had no constant effect (Table IV) upon the weight 
of the heart or the liver. 

From the results summarized in Table V it is seen that there is no 
constant relationship between the phosphate intake and the increase 
in renal weight. Neither is there a consistent difference in the effect 
of various types of phosphate. It is e\ddentj however, from Text-fig. 
3 that there is a general tendency for the increase in the weight of the 
kidneys to keep pace with the increasing phosphate intake. That this 
is not constant in the same manner as that with which the renal weight 


TABLE V 

Food Intake and Kidney Weight, Group Averages 


Eipcri* 
Gcat Ko. 

Ntlurc of experiment 

Intaie per tOO sq. 
cm. body sarface 
per day* 

Kidcoy per 100 sq. 
cm. body sarfice 

Phos- 

phite 

above 

control 

RiUot 

Phes- 

Kidscy 

icc^bt 

Food 

PllOS- 

pbatc 

Tout 

Above 

control 



rn. 


nr- 

nr. 



1 

Control 

3.06 

0.61 

154 




lo 

Control 

2.88 

0.38 

158 




2 

H4PO. 

3.13 

3.44 

233 

77 

2.85 

27 

3 

NaHjPO. 

3.54 

5.60 

291 

135 

5.01 

27 

4 

NajHPO, 

2.83 

4.47 

342 

186 

3.SS 

45 

5 

Na,PO, 

3.17 

3.49 

278 

122 

2.90 

42 

6 

NaH,?0, -f Na,HP04 

2.91 

3.20 

288 

132 

2.61 

51 

7 

Same as No. 0 X 1.5 

3.36 

5.21 

282 

126 

4.62 

27 

8 

Same as No. 6 X 2.0 

3.30 

6.60 

303 

147 

6.01 

24 

9 

KH.PO* + KiHPO. 

2.91 

3.20 

274 

118 

2.61 

45 


* Average of last 10 daj’s of each experiment, 
t Ratio •» incrcised phosphate intake increase in kidney vreight. 


follows the protein intake (4) is hardly surprising, since a lesion is 
produced in this instance while the renal hv'pertrophy produced in 
increxsing the protein intake is, as far as we know, phj’siological in 
nature. 

1 he gross appearance of all of the phosphate kidneys was unusual. 
Their capsules alwa\-s stripped readily and the color was then ordinarily 
more of a greyish white than the normal red-brotvn, p 3 .nicularly after 
the blood had been drained from the organ. In some of the experi- 
ments most of the kidneys had a smooth but mottled surface while in 
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of the mean daily caloric intake, and phosphate consumption in rela- 
tion to the calculated body surface, during the period of the experi- 
ment. Although the effect varies all of the phosphate diets had a 
deleterious effect upon the growth of the animals. 



Text-Fig. 2 

The mean results of the anatomical measurements made at death 
comprise Table IV. From these it is evident that the addition of an 
excess of inorganic phosphate in any form to the diet leads to a tremen- 
dous increase in the weight of the kidneys. In Text-fig. 2 this is shown 
graphically for the individual rats of each group. They are likewise 
much larger in size than the controls (Fig. 1). The variation in the 
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phosphate intake had no constant effect (Table IV) upon the weight 
of the heart or the liver. 

From the results summarized in Table V it is seen that there is no 
constant relationship between the phosphate intake and the increase 
in renal weight. Neither is there a consistent difference in the effect 
of various types of phosphate. It is evident, however, from Text-fig. 
3 that there is a general tendency for the increase in the weight of the 
kidneys to keep pace with the increasing phosphate intake. That this 
is not constant in the same manner as that with which the renal weight 


TABLE V 

Food Inlahe and Kidney Weight, Group Averages 


ExpcH- 
nest Ko. 

Ktture ol expemnent 

IcUlie per 100 sq. 
cn. body sarftcc 
per day* 

Fadcey per 100 sq. 
an. tody surface 

Phos- 

phate 

above 

costrol 

Ratiof 

Phos- 

phate: 

Kideey 

Food 

phate 

Total 

Abort 

costrol 




r:.-€7. 

Til. 




1 

Control 

3.06 

0.61 

154 




u 

j Control 

2.88 

1 0.58 

158 




2 

HjPO. 

3.13 

3.44 

233 

77 

2.85 

27 

3 

NaH,PO< 

3.54 

5.60 

291 

135 

5.01 

27 

4 

Na.HPO* 

2.83 

4.47 

342 

186 

3.88 

48 

5 

NajPOi 

3.17 

3.49 

278 

122 

2.90 

42 

6 

NaHjPO, + Na,HPO, 

2.91 

3.20 

288 

132 

2.61 

SI 

7 

Same as No. 6 X l.S 

3.36 

5.21 

282 

126 

4.62 

27 

8 

Same as No. 6 X 2.0 

3.30 

6.60 

303 

147 

6.01 

24 

9 

KlltPO, + KiHPO, 

2.91 

3.20 

274 

118 

2.61 

45 


• Average of last 10 daj-s of each experiment, 
t Ratio •> increased phosphate intake -r- increase in kidney wdght. 


follows the protein intake (4) is hardly surprising, since a lesion is 
produced in this instance while the renal bv'pertrophy produced in 
increasing the protein intake is, as far as we know, physiological in 
nature. 

The gross appearance of all of the phosphate kidneys was unusual. 
Their capsules alv.-a\-s stripped readily and the color was then ordinarily 
more of a grevnsh white than the normal red-brown, particularly after 
the blood hr.d been drained from the organ. In some of the c.tperi- 
mcnls most of the kidneys had a smooth but mottled surface while in 
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others the majority were coarsely granular or even pebbled in appear- 
ance (Fig. 1), The cortical surfaces were most granular in Experi- 
ment 4 but also very noticeably so in Experiments 3, 7, and 8, less 
so in Nos. 5 and 9 and only occasionally in Nos. 2 and 6. The kidneys 
from all of the phosphate-fed animals felt very much firmer than 
normal and on section the cortex and medulla stood out clearly, par- 
ticularly the outer stripe of the outer zone of the medulla. 



MiTtjrvrra Ptr/CO ^ On Boetf Surfxs 

Text-Fig. 3 

The Histological Lesion 

Microscopical examination showed essentially the same lesion in all 
the kidneys, irrespective of the nature of the phosphate used in the 
experiment. No abnormalities were found in sections of the heart or 
liver. The kidneys of the control animals of all the experiments were 
entirely normal. 
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The lesion consists of a complete disorganization of the outer stripe of the outer 
zone of the medulla. In a section of the normal rat kidney this is that clearly 
delimited band of tissue, l>'ing immediatelj' beneath the cortex ■which conta ins as its 
characteristic component, the terminal divisions of the proximal convoluted tubule. 
In the kidneys of the phosphate-fed animals it is transformed into a poorly out- 
lined zone of distorted tubules that have lost all their normal characteristics. 
They are lined by a regenerated epithelium of markedly atj'pical appearance in 
which hj’perplasia of the component cells is so extreme that giant cell-llke masses 
may occlude the lumen. If an irregular lumen persists it is commonly filled vrith 
debris and masses of calcareous material. Other tubules are greatly dilated and 
they too may be packed with calcium deposits. About the distorted cross-sections 
of the tubules may be seen round cell infiltration and some fibrosis (Fig. 2). 

The cortex is also involved to a greater or less degree in aU the kidneys. The 
lesion in this part of the kidney appears to be an extension upward from the more 
severely involved outer stripe of the medulla and consists of either cjstic dilatation 
of tubules or collapse of them associated with more or less round cell infiltration 
in the interstitial tissue. If such areas reach the free surface of the organ a re- 
tracted scar results. 

The medulla, e.xcept for its above described outer stripe, is essential!}* normal. 
Occasional collecting tubules contain casts, and many of these are impregnated 
with calcareous substance. 

The Eislogenesis of the Lesion 

For a study of the origin and early stages of the lesion rats were fed 
various mixtures of phosphate and killed on succeeding da\*s. The 
earliest lesion found was observed in the kidne>*s of those that had been 
on a diet of 10 per cent NaiHPOi for 1 daj*. The majority of the 
kidnc}*s of animals of this early group show little evidence of damage, 
but in some the initial lesion is clearly evident and consists of a definite 
necrosis of the terminal portion of the proximal convolution (Fig. 3). 
1 he tubule presents a \cxy definite localization of this damage, since 
it is only its termination that is involved at this early period, just 
at the point where the broad proximal tubule abruptly decreases 
in diameter to form the narrow limb of Hcnle's loop. The more 

proximal portions that extend down from the cortex are still entirely 
normal. 

At the end of the 2nd day of feeding, similar lesions are found in the 
same portion of the tubule with increasing frequency. The limitation 
of the lesion to the termination of the tubule is, however, still observed. 
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During the 3rd day a rapid extension of the necrosis throughout all 
that part of the proximal convolution that is contained in the outer 
stripe of the outer zone of the medulla is regularly found in all animals. 
Two furtlier complications are now present; namely, regeneration of 
an abnormal epithelium and the deposition of calcium salts in the 
necrotic debris that fills the involved tubules. 

The regeneration is the most atypical that we have ever seen in the 
kidney. The exuberance of the process is extreme ; masses of epithelial 
cells of varying shape and size, with large oval and vesicular nuclei 
heaping up on each other or fusing to form giant cells of relatively 
enormous dimensions replace the normal regular pattern of the outer 
stripe. The giant cells in many instances evidently represent the 
cross-section through a tubule occluded by epithelial proliferation 
and its center, a remnant of the lumen, may contain masses of cal- 
careous material so that the similarity of the appearance to a tj^iical 
foreign body giant cell is striking (Fig. 4). 

Throughout all the damaged tubules similar calcareous deposits are 
found in great number (Fig. 2). They consist of scattered isolated 
granules and conglomerates or large spherical masses that lie either 
free or in necrotic debris surrounded and even infiltrated by the exu- 
berantly regenerated atypical epithelial cells. 

The further progress of the lesion can be followed through the suc- 
ceeding days by the extension of the processes of necrosis, calcification 
and atypical regeneration throughout the entire breadth of the outer 
stripe of the outer zone of the medulla. Although variation is noted 
in the rate of development of the lesion in different experiments its 
general course can be described as follows: 

By the 6th day the outer stripe of the outer zone is involved through- 
out its entire extent. Its spread towards the medulla is limited, 
however, and only rarely is there any extension past the sharp line 
which separates the inner from tlie outer stripe. The reason for this 
striking arrest of the process is evident when one remembers that the 
terminal portions of the proximal convolution, which are the segments 
of tlie tubule involved by the necrotizing process, stop sharply at this 
line of demarcation and the limitation of the lesion at this line is 
therefore conclusive proof that the broad ascending limbs of Henle s 
loop are not affected, for tliese extend downward through the entire 
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depth of the inner stripe of the outer zone of the medulla. In fact 
isolated ascending broad limbs lying between the degenerated and 
distorted proximal convolutions can still be seen in the outer zone as 
they ascend to enter the cortex. 

By the 15th day the entire outer stripe is transformed into a zone of 
calcified distorted structures that bear little resemblance to tubules. 
Furthermore there has now developed about the distorted epithelial 
elements a definite increase in the interstitial connective tissue and 
scattered focal areas of round cell infiltration are present. Although 
the linutation of the spread downward through the medulla is still 
maintained, an involvement in the cortex becomes apparent. Ne- 
crosis and calcification along with atypical regeneration of epithelial 
cells has extended up the proximal convolution so that the distinctive 
.pattern of the contiguous cortex is destroyed and blends with the 
abnormal tissues of the outer zone of the medulla. There results an 
apparent thinning of the cortex, though the cortical nature of the 
tissue may still be recognized by the persistence of glomeruli, stUl 
fairly well preserved, each surrounded by an island of easily recog- 
nizable proximal convolution. 

Though the ascending limbs of Henle’s loop never show any direct 
damage in the earlier stages of the lesion, it is plain that as the lesion 
develops they could hardly preserve their normal condition while 
passing through a wide band of disorganized tissue. This becomes 
especially true when connective tissue and round cell infiltration begins 
to develop in this region about the distorted tubules. The effect 
on the hitherto normal ascending limbs in the area of damage, j.c. in 
the outer stripe of the medulla, is collapse and their resulting dis- 
appearance as tubular structures. An even more striking effect is 
noted, however, at a distance from the immediate zone of damage, 
namely in the outer levels of the cortex, for here the distal convolution 
collapses as a result of the obliteration of its more proximal ascending 
limb of the loop. About these collapsed distal convolutions, that lie 
in the region of glomeruli, there occurs a proliferation of interstitial 
tissue and accumulation of round cells and fibroblasts and if near the 
surface a retracted pitting scar is thus produced (Fig. 5). Even in 
later stages the glomeruli persist, relatively little changed, except 
perhaps for occa-sio-ial cystic dilatation of Bowman’s space, and about 
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each one lies the periglomerular cluster of the attached proximal con- 
volution also still fairly well preserved. 

The final picture is therefore that of a kidney with a narrow cortex 
throughout which are scattered focal areas of tubular collapse and 
cellular infiltration and scarring. This cortex is separated by a zone 
of disorganized tissue, in which atypical regeneration, calcification 
and fibrosis are extreme, from a medulla that, except for the presence of 
occasional casts in the collecting tubules, is essentially normal. This 
destruction of the architecture of the organ is apparently a permanent 
one, as animals after 20 days of phosphate feeding were placed on a 
normal control diet with no excess of phosphate and killed after 30 
days. Their kidneys still showed the lesion in a marked form. 

DISCUSSION 

There can be no doubt but that the renal lesion with which we are 
concerned is due solely to the excess of phosphate ion in the food. 
The changes occur in the kidney whether the phosphate is adminis- 
tered as the free acid, in combination vdth an excess of alkali (trisodium 
phosphate), as the acid salt (monosodium phosphate), as the alkaline 
salt (disodium phosphate), as a neutral mixture of these salts or 
whether the cation in combination with the phosphate is sodium or 
potassium. 

Numerous cations, particularly the heavy metals, have long been known to 
cause varying degrees of renal damage. There is some evidence (5) that a general 
excess of acid radicles may result in a mild degree of renal irritation. In 1878 
Kobert (6) found that strong phosphoric acid given either intravenously or per os 
resulted in an acute renal irritation, but gives no evidence nor suggests that the 
effect was due to the fact that not only add but phosphate had been given. Hirsch 
(7) describes acute changes in the convoluted tubules following the intravenous 
injection of sodium add phosphate solutions which resemble verj' dosely the renal 
damage which Seegal (5) found to follow' a severe experimental addosis. These 
changes apparently have nothing in common with the lesion with which w'e are 
concerned here. 

Cramer has recently reported (8) renal lesions not unlike those with which w'e 
are dealing produced in rats fed on a diet defident in magnesium. However the 
salt mixture which he used in his diet contained suffident phosphate to produce 
damage and he notes that there were also many changes in the kidneys of his con- 
trols. We have been unable to produce the lesion soldy through a low magnesium 
diet and Gough, Duguid and Davies (9) have reported a similar experience. These 
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investigators in a rvay have confirmed our report (2) of phosphate damage to the 
kidneys, for in studj-ing the renal lesions of hj-pervitaminosis D they found that the 
damage was greatly intensified when large amounts of sodium phosphate were 
added to the diet The kidnej-s from these rats showed lesions very similar to 
our findings. 

Our experiments give no exndence concerning the mechanism bt' 
which the renal lesion is produced in the administration of phosphate. 
A direct effect of an excess of phosphate ions on the renal cells seems 
the most likely mechanism, although we have been able to produce 
only a transient swelling of the tubular epithelium through dailt'intra- 
peritoneal injections of a neutral sodium phosphate solution in a quan- 
tity equal to that which produces marked renal damage when given 
per os. The deposition of calcium salts seems definitely to follow cell 
destruction, a point that has given rise to speculation in the rather 
similar lesions produced by parathjToid extract (10, 11) and toxic 
doses of xnosterol (12, 13). The calcification would seem therefore to 
be analogous, though much more excessive, to the commonly obser\'ed 
deposition of calcium in the necrotic tubular debris that results from 
damage by many renal poisons. Even the degree obserx-ed in our 
experiments, however, may be equalled in the lesion caused by toxic 
effects of such a different substance as arsphenamine (14). 

Tlie anatomical aspects of the lesion are interesting, chiefly from 
two standpoints. First, in the very definite localization of the damage 
to a certain region of the kidney. The lesion begins in and, except for 
certain sccondaiy effects, remains localized to the outer stripe of the 
outer zone of the medulla. This localization depends in turn on the 
fact that it is only the terminal segment of the proximal convoluted 
tubule that is dircctlj- affected bx- the to.xic agent. Sclectix'e action 
of renal poisons on various parts of the proximal conx'olutions arc well 
kno\xTi but in no case, not cx'cn after uranium poisoning (15) do the 
late changes in the architecture of the kidney remain so localized. 
Ihc second point of interest is the speed with which the lesion dcx'clops. 
By the end of the ord day, the outer stripe of the outer zone of the 
medulla is completely transformed, not only by the regressive proc- 
c.-sesof degeneration and necrosis but also by the proliferative changes 
of regeneration and hyperplasia. 
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SUMMARY 

The addition of an excess of inorganic phosphate in the form of 
orthophosphoric acid, acid, basic or neutral sodium or potassium 
phosphate to the diet of albino rats results in the development of an 
interesting and permanent renal lesion. 

The phosphate renal lesion is characterized by a necrosis of the 
cells of the convoluted tubules commencing at the terminal end, fol- 
lowed by a regeneration of atypical epithelium and calcification of the 
necrotic debris that fills the tubules. 

The entire outer stripe of the outer zone of the medulla is trans- 
formed into a zone of distorted structures and there is an increase in 
the interstitial connective tissue. The adjoining cortex is also in- 
volved with cystic dilatation of tubules and collapse. Such areas may 
reach the free surface of the organ and produce a retracted scar. 

In the gross the kidneys are enlarged and firm on section with a 
pebbled surface produced by numerous scars. 

The maximum changes in the kidney structure are reached after 
some 15 days although necrosis of the convoluted tubule cells is evi- 
dent after a single day of phosphate feeding. 

The renal structure is not restored to its normal form when the ex- 
cess of phosphate is removed from the diet. 
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EXPLANATION OF PLATES 

Plate 12 

Fig. 1. The kidneys from experiment described in Table I\* in which phosphate 
in A’arious forms was fed for 44 daj's. The upper row is of the control animals 
(Experiment lo); from above down each row shows the effect of HjPOi (Ex- 
periment 2); Na^POi (Experiment 5); NaH»POi NajHPOi (Experiment 6); 
same mixture X 1.5 (Experiment 7); same mixture X 2.0 (Experiment 8); and 
KHjPOi -f KsHPO^ (Experiment 9). 

Plate 13 

Fig. 2. The t>’pical lesion after 6 days of a diet containing a mixture of 3.19 per 
cent Na 5 HP 04 and 2.7 per cent NaH-POi. Above, the cortex with its convoluted 
tubules and glomeruli is unaffected. The lower two-thirds of the figure is occupied 
by the outer stripe of the outer zone. The pattern of the tubules is complete!}- 
disorganized by the necrosis, at}-pical regeneration and calcification. Hema- 
tox}din and eosin stain. X 150. 

Fig. 3. The initial lesion from the kidney of a rat fed 48 hours on a diet con- 
taining 10 pier cent Na;HPO<. The outer stripe of the outer zone of the medulla. 
Most of the terminal pwrtions of the proximal convoluted tubule are normal, but 
extending down through the center of the figure is the end-piece of one whose 
cpithehum is entirely necrotic, Hematoxx'lin and eosin stain. X 350. 

Plate 14 

Fig. 4. The outer stripe of the outer zone of the medulla from the kidney of a 
rat fed 15 days on a diet containing 10 per cent Na:HPO<. Exuberant and 
atv-pical regeneration of the tubular epithelium distorts the tubule pattern. 
Many are transformed to solid structures. Giant cell-like masses are seen in 
several places. The two open areas on each side of the figure arc spiaccs that were 
filled with calcareous material which has broken out of the tissue in sectioning. 
Hematoxylin and eosin stain. X 350. 

^ Fic. 5. The cortex from a kidney of a rat fed 44 dax-s on a diet containing 
Na;II;POc and NajHPOi, (Exp>crimenl 6 of Table IV and Fig. 1). Above the 
glomeruli and pcrigloraerular proximal convolutions arc fairly well preserved. 
Below and to the right fibrosis and round cell infiltration about collapsed distal 
convolutions arc seen. Hcmatoi}-lin and cosin stain. X 150. 
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THE SEROLOGICAL DIFFERENTIATION OF PATHOGENIC 
AND NON-PATHOGENIC STRAINS OF HEMOLYTIC 
STREPTOCOCCI FROM PARTURIENT WOMEN* 


By REBECCA C. LANCEFIELD, Ph.D., akd RONALD HARE,** M.B., B.S. 

{From Ike Hospital of The Rockefeller Institute for Medical Research, li'cai York, 
and the Bernhard Baron Memorial Research Laboratories, Queen 
Charlotte's Hospital, London) 


(Received for publication, December 1, 1934) 


Hemolytic streptococci may cause several different clinical types 
of infection or, on the other hand, may be merely saprophytic and 
harmless to the human host. Acute tonsillitis and scarlatina, for 
example, are due to hemolytic streptococci, but a proportion of 
normal individuals habitually carry hemolytic streptococci in the 
throat without any apparent harm, and so far as it is known, without 
infecting other people. The organisms from both infected throats 
and healthy carriers are indistinguishable by any known test, and 
why one group of persons should be sick and the other go unscathed 
has never been satisfactorily explained. 

The same phenomenon occurs in the human birth canal before and 
after dcliveiy; most severe infections of the uterus which follow child- 
birth arc due to hemolj’tic streptococci (1,2); but these organisms may 
be present in the birth canal before and after dcliverv* without the 
host showing any sign assodated with active infection (3, 4). 


^ Taylor and Wright (3) were unable to distingubh, by any of the tests at their 
disposal, belTvccn the organisms isolated from the \-agiaa of febrile and afebrile 
cases. ILarc (5) has, hovrever, adN'anced evidence shotving that most of the 
Mprophytic' strains can be diflcrcntiated from the infecting strains in being sus- 


Kcad in abstract before the Sodety of .American Bactcriologbls, in Chicago, 
I>efcml>er 27, 19 .;.;. 

•* Worl.ir.g v.-iih a grant from the Medical Reie.\rch Councl. 

’ 1 r.c term' "saprophytic” and "non-infectivc” are used throughout this paper 
to imply hil-.ire. to induce dmease in the human host, although it is l.r.orm that 
s<'m.r. at lr.’.'t. cl the strams which .arc saprophytic in the human vagina arc 
r.c\crthf,r" htchlv pathogenic for certain other anim.a!s, 
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ceplible to the bactericidal action of normal human blood. Hare and Colcbrook 
(6) liave also shown that a large proportion of tlic saprophytic strains in the vagina 
can be differentiated from infecting strains, since many of the former are, appar- 
entlj’’, members of the group of hemolytic streptococci which causes a large propor- 
tion of cases of bovine mastitis. These workers employed biochemical tests to 
differentiate their strains; but Lanceficld (7) has shown that it is possible to dis- 
tinguish mastitis and other animal-infecting strains from strains from human 
infections by precipitin tests. She described four groups, each cliaracterized 
by its own precipitinogen, or C substance. Group A consisted almost entirely of 
organisms from human infections (these strains giving a pH of 5.0 to 5.4 in 1 
per cent glucose broth and failing to hydrolyze sodium hippurate); Group B, of 
organisms mainly from bovine mastitis (hydrolyzing sodium hippurate and gi\dng 
a low pH in 1 per cent glucose brotli) ; Group C, of organisms from a variety of 
animal sources (failing to hydrolyze sodium hippurate, giving an intermediate 
pH in 1 per cent glucose broth, and usually differing from the former groups in 
fermenting sorbitol and not trehalose); and Group D, a group of eight strains 
derived from cheese (giving a low pH in 1 per cent glucose broth, having little or 
no action on sodium hippurate, fermenting both sorbitol and trehalose, and reduc- 
ing methylene blue milk).* 

As the majority of the saprophytic strains isolated by Hare and 
Colebrook (6) gave the biochemical reactions of members of one or 
other of the serological Groups B and D described by Lancefield, the 
whole series of their strains were re-examined in order to determine 
whether: — (a) the strains which they had differentiated by biochemi- 
cal reactions could also be differentiated by a serological test (pre- 
cipitin reaction) ; (6) certain strains from uninfected cases which could 
not be differentiated biochemically from infecting strains were or 
were not members of Lancefield’s Group A when tested serologically. 
The following experiments were therefore designed in order to eluci- 
date these points. 

Source of Straius 

Series 1, From Cases of Definite Puerperal Uterine Infection . — ^These strains, 
46 in number, were obtained from clinically tj^iical cases of puerperal infection, 
many of which were fatal, in the Isolation Blo^ of Queen Charlotte’s Hospital, 
London. These women came from all parts of London after infection had de- 
veloped. Only one of them had been delivered in Queen Charlotte’s Maternity 
Hospital, and none came from the District. 

- Lancefield also described a fifth Group E, of which she had but three repre- 
sentatives. 
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Series 2. From Women after Delivery Who Were either Uninfected or Who Had 
Only a Slight Increase of Temperature during the Puerperium. — Paginal asrabs 
•nrere taken on the 3rd or 4th day after delivery from the majority of vromen de- 
livered in Queen Charlotte’s Maternity Hospital, over a period of 9 months. 
Cultures were made irrespective of whether the patient had fever or other signs 
of an abnormal puerperium. Streptococci giving areas of hemoh’sis on blood 
agar plates were isolated from 85 of the 837 women so ex amin ed. One of the 85 
women was definitely infected, and she died 8 da\’s after delivery from peritonitis 
and septicemia. The strain from this woman is included in the preceding series. 
65 of the women had no elevation of temperature during the puerperium (a tem- 
perature of 100°F. on only one occasion being adjudged sufficient evidence to 
exclude a woman from this category) and it was therefore assumed that despite 
the presence of the organisms in the birth canal, no active infection was present. 
The remaining 18 women in this series had some fever during the puerperium but 
not enough to warrant their definite diagnosis as cases of puerperal uterine infec- 
tion. hloreover, some of the women had extragenital infections of sufficient 
severity to cause the ele\ation of temperature which was observed. 

Series 3. From Pregnant Women Immediately before Delivery. — Swabs were 
taken from the upper part of the \'agina of every woman on the Dbtrict of Queen 
Charlotte’s Hospital immediately before deliverj* and before examinations of any 
sort had been made. In thirteen of the 855 women so examined, hemoUtic 
streptococci were found to be present* Twelve of these women with positive 
cultures subsequently had an afebrile puerperium, although hemol>tic streptococci 
were still present after deliverj' in the majority of them. The other carrier had 
some fever during the puerperium, but it was slight and there were no other signs 
of puerperal uterine infection. Of the remaining 842 women, none subsequently 
became infected with heraolvtic streptococci. For these strains we are indebted 
to Dr. R. M. Fr>-. 


Isolation of Ike Strains 

The original cultures were made on horse blood agar plates and incubated 
anaerobically in a McIntosh and Fildes jar for 16 hours (6, S). Any hemolytic 
colonics were fished and the cultures purified by plating. The strains were stored 
in Kobcrlson’.s meat medium; and rabculturcs in 5 per cent horse serum broth 
V cre inoculated into the 'various media employed for the tests. 


* O.nly org.mssms able to form soluble hcmol.vsin were studied from this scrits 
o. p.rtirnts. lor this reason pscudohcmolylic strcptococd (strains giving marked 
on b.ood plates but unable to form soluble hemohtin in the routine 
tet'r. cmploycl, vile in'ra) although knorm to be present, were not collected 
and studirl. 
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Methods 

1. Immune Sera , — Immune sera were prepared by the injection of rabbits with 
formalinized cultures as previously described (7). 

2. Extracts . — Extracts were made by heating the organisms witli hydrochloric 
acid as in the earlier experiments (7). 

3. Precipitin Tests . — Most of the serological tests were made in America by 
one of us, according to methods already fully described, w'ith strains sent from 
England. The remaining tests were carried out in England by the other 
author with sera sent from America; in the latter tests capillarj’ pipettes as 
used by Day (9) w’ere emploj'cd with the same relative proportions of serum 
and extracts as were used by Lancefield but in much smaller volume. The actual 
technique was as follows: 

Two volumes (about 5 c.mm. per volume) of undiluted extract or extract di- 
luted one-fourth w'itli saline, were mLxed with one volume of undiluted serum on a 
paraffined slide. The mixture was aspirated into a capillary pipette, which was 
then sealed, incubated at 37'’C. for 2 hours, and placed in the ice chest overnight. 
The precipitates were easily visible with a hand lens. Control tests vuth larger 
volumes of serum and extract were found to give comparable results. 

4. Biochemical Reactions , — ^These consisted of the foUowing tests which were 
performed and described previously by Hare and Colebrook (6): — (u) formation 
of soluble hemolysin; (6) final pH after growth for 4 days in 1 per cent glucose 
broth; (c) hydrolysis of sodium hippurate; (d) growth on 40 per cent bile blood 
agar; (c) digestion of human fibrin; (/) fermentation of sorbitol, trelialose, lactose, 
mannite, and salicin. 


RESULTS 

Series 1. Strains from Definite Puerperal Infections of the Uterus. 
— ^In Table I are given the serological and biochemical tests carried 
out with 46 strains from definite cases of puerperal uterine infection. 
All except one strain were classified in Group A as a result of tlie 
precipitin tests, which showed a sharp and unmistakable differentia- 
tion of the various groups. The biochemical reactions of these hemo- 
lytic streptococci were, in the majority of instances, of the type usually 
associated witli strains from human infections altliough some excep- 
tional strains were encountered. It is also noteworthy tliat all the 
Group A strains were able to digest hiunan fibrin (10, 11). The one 
exception to the serological similarity among these strains from in- 
fected cases was a Group G strain isolated from the blood of a fatal 
case of septicemia. The patient was also suffering from an over- 
whelming infection with Staphylococcus auretis, and it is possible that 
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the hemol 3 '^tic streptococci were secondary invaders. It vras also 
noted that biochemically this strain was verj" atypical. 

Series 2. Strains Isolated after Ddhery from Women Who Were 
either Uninfected or Who Had Only a Slight Increase of Temperature 
during the Puerperhun . — ^The serological and biochemical reactions of 
the 66 strains isolated on the 3rd or 4th day of the puerperium from 
the 65 women who had no elevation of temperature at any time during 
the puerperium (members of two groups being isolated from one 
patient) are given in Table IE. 


TABLE I 

Series 1: Strains from Severe Cases of Eemolylic Streptococcal Infection of the Uterus 


No. of sUiia 

Precipitation •w^lh 
sera frosx Groop 

Formation 
of solnble 
h«30l}*SiQ 

pH in 1 
per cent 
plncose 
broth 

Hy^roV* 

sis of 
sodinn 
fcippurate 

j 
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p-5~. 
t:o3 cf 

h.iii'.itns 
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cf 

A 

B 

c 

D 

F 

G 

“c 
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c 

u 

5 

£ 

0 

“c 

B 

e 

v. 

37 







i+4-f-f 

5.0-5.4 



4- 

— 


4 . 


4- 

1 


- 

- 

- 

- 

- 
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JL 
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- 
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4- 
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Tot.sis. . .46 

45 

0 


0 


1 












* Palicnl had Staphylococcus aureus septicemia. 


Onl\* one Group A strain was isolated from these afebrile patients, 
and this was the onlj' instance in this sludv* in which a Group A strain 
was found in the vagina unassociated with disease. All of the other 
strains from afebrile patients post partum, fell into other groups or 
were unclassified; the 26 members of Group B were, with one c.tccp- 
tion, also distinguishable from other groups bj- their biochemical 
reactions, as were also the 26 mcmlxirs of Group D. The five members 
of Group C, as well as the two Group F, the three Group G, and the 
three unrlassiiicd strains, were somewhat variable in their biochemical 
reactions but could l>e clcarh* dificrentiatcd from the p.athogcnic 
‘trains b}’ m'-ans of the precipitin test. 
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In Table III are given the reactions of the 18 strains from the 18 
women in this series who had some degree of fever during the puer- 
perium. It must be stressed that there was much doubt with most 
of these women whether this pyrexia was really due to a uterine in- 
fection. Certainly none of the cases could be compared with those 
enumerated in Table I in point of severity. The relevant clinical 

TABLE n 


Series 2: Strains Isolated Post Partum from Women with an Afebrile Puerperium 


No. of strains 

Precipitation with 
sera from Group 

Formation of 
soluble hemoly- 
sin 

pH in 1 
per cent 
glucose 
broth 

Hydrol- 
>’sis of 
sodium 
hippu- 
rate 
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on 40 
per cent 
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Diges- 
tion of 
human 
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-b 

1* 

— 
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B 
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+ 

— 
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1 

— 

— 

— 

B 

B 

— 

— 
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— 

+ 

— 

+ 

-b 

+ 

+ 

-b 

Totals. .66t 

1 

26 

5 

26 

2 

3 












* These two strains was also tested with sera of Group E and Strain K 130. 


Negative reactions were obtained. 

1 3 unclassified strains are included in this total. 

details of these “minor infections” are also given in Table III. It is 
evident that none of the 18 strains fell into Group A. One strain was 
in Group C, one in Group G, and one unclassified; seven strains were 
members of the bovine mastitis Group B, and eight were “pseudo- 
hemolytic streptococci,” members of Group D. It would seem, there- 
fore, that some of the minor infections which accompany childbirth 
may possibly be due to organisms of other groups than Group A. 
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Thus, in the whole series of 837 women examined after delivery in 
Queen Charlotte’s Maternity Hospital, organisms giving areas of 
hemolysis on blood agar were isolated from (a) one undoubted case of 
puerperal infection, (b) 18 cases of minor infection, and (c) 65 women 
who had an absolutely afebrile puerperium. The strain from the 
definitel}'^ infected case fell into Group A, and, with the exception of 
one Group A strain from an afebrile patient, none of the strains from 
the afebrile patients or those with minor infection were identified as 
members of Group A. 


TABLE IV 

Series 3: Strains Isolated Ante Parttim from Women W/iose Subsequent Puerperium 

TFas Afebrile* 


No. of slr.iins 

Precipitation 'nrith 
sera from Group 

Formation 
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per cent 
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* Group B strains were isolated both before and after deliverj’^ from one addi- 
tional patient who had a minor degree of pyrexia during the puerperium. 


Series 3. Strains from Cnltnrcs Taken Immediately before Dclmry. 
— The reactions of eleven of the twelve strains (one strain was lost) 
isolated before delivery from women whose subsequent puerperium 
was afebrile are given in Table IV. It will be seen that none of these 
strains, saprophytic in the vagina, fell into Group A. The remaining 
patient had slight pyrexia during the puerperium and the strains 
isolated before and after delivery were botli found to belong to 
Group B by serological and biochemical tests. 

It is thus dear that the vast majority of strains from severe puer- 
peral infections due to hemolytic streptocoed are members of Group 
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A, and that most of those Trhich are saprophjiic in the birth canal 
either before or after delivery, as vrell as those strains isolated from 
women with minor degrees of fever, do not belong to Group A. Hare 
and Colebrook (6) were able to differentiate by means of biochemical 
tests the majority of these saprophjdic strains (those placed in Groups 
B and D in this paper) from the strains isolated from infections. The 
present work confirms their findings in this respect. However, the 
serological tests reported here show that some non-infective strains 
which Hare and Colebrook found biochemically similar to those from 
infections but which they were imable to differentiate from infecting 
strams can, nevertheless, be differentiated by their group precip- 
itmogen (those placed in Groups C, F, and G in this paper). The in- 
formation available on these points may be smnmarized in the form 
of a table (Table V). 


Cominciils on the Serological and Biochemical Reactions of Strains from 

the Different Groups 

Facts relevant to the serological groups into which these organisms 
have been classified, and a description of the two new serological 
groups found in this series of hemolytic streptococci are given below: — 


Grmip A . — ^Thc Group A strains, derived from human puerperal infections of a 
severe tjpc, all form a C substance which gives precipitates with the appropriate 
Group A anti-C sera. Their biochemical reactions, with a few exceptions, arc 
those of Streptococcus py ogcr.es. 

Group B . — Organisms placed in this group, bj' reason of their serological reac- 
tions, give the biochemical reactions of certain bo\'inc mastitis organisms; that is 
to say, they hydrol\-ac sodium hippuratc, give a low pH in 1 per cent glucose 
broth, grow on 40 per cent bile agar, and form only small amounts of soluble 
hemoU-sin. 

The Group B strains in the present series of hemolytic streptococci isolated 
from women were classified into t\pcs in order to determine whether they belonged 
to the same serological tjpes encountered among the Group B strains derived 
from cows (12). The majority of the strains (34 out of 39) were tested and all 
cxcc;it one strain fell into one or other of the specific tjpes origi.nallj' diticrcr.tiatei 
among strams of bovine origin. In all, 39 strains of this group have been isolated 
from the human vagina before or after delivtrj-. Plummer (13) has also 
found crgar.’.fms of this group in normuil human throats. One of us has cen- 
rn'med thi«. There can lie little doubt, therefore, th.".t Group R orgar.;«m« can 
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exist as saprophytes in the human throat and vagina. But in view of tlie evidence 
set forth in Table III it would seem that a proportion of low grade infections may 
be due to organisms of this group. 

Group C. — Group C (7) contains strains which are similar biochemically to 
pathogenic human strains but which are distinguishable by the specific anti-C 


TABLE V 

Serological Grouping oj All Strains Examined 
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* One more strain was isolated but was lost. 

t Only organisms which formed soluble hemolysin were studied in this group 
of patients. All pseudohemolytic streptococci studied from other patients have 
fallen into Group D. 

J Members of two groups (B and G) were isolated from one patient. 

§ The members of this group were not derived from the groups studied in 
Queen Charlotte’s Hospital and on the District. These patients were brought 
to the Isolation Block, which is entirely separate from the Maternity Hospital 
proper, from various parts of London at a time when they were already ill. 

II Also accompanying overwhelming Staphylococcus aureus infection. 

reaction. The strains originally studied were all derived from animal sources 
other than man, gave marked hemolysis on blood agar plates, and formed sol- 
uble hemolysin. They usually differed from 5. pyogenes of human origin in 
fermenting sorbitol and not trehalose, although four strains among the 49 exam- 
ined by Lancefield (7) fermented neither of these substances. Other points of 
difference were in the attainment of a final pH in 1 per cent glucose broth inter- 
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mediate between that of Group A strains and that of Group B strains, and in the 
susceptibility of Group C strains to lysis by bacteriophage. Edwards (14) and 
also Ogura (15) have described hemolytic streptococci having similar character- 
istics, all derived from animals.* Edwards has also shown that the strains he 
studied can be differentiated from human strains by precipitin tests, with the 
carbohydrate specific for Group C. In the present study, seven strains have been 
encountered, giving group precipitates with Group C antisera. AH except one 
were saprophytic, and there is much doubt whether the remaining strain was really 
infecting the host. All these seven strains fermented trehalose and not sorbitol. 
In this respect they differed from the Group C strains from animal sources de- 
scribed by Lancefield, but were similar to the Group C strains recendj' described 
by Edwards and designated by him in conformity with Ogura’s nomenclature, 
as Tj-pes B 1 and B 2. The seven Group C strains described in the present paper 
all ferment lactose in addition to trehalose, and would on this basis belong to 
Edwards’ Type B 2, of which he described one strain and Ogura three. All seven 
were found capable of digesting human fibrin. 

It may be mentioned in passing that one of us has also obtained from animal 
sources Group C strains which ferment trehalose but not sorbitol or lactose. One 
was from the throat of a normal dog and three were from the throats of cynomolgos 
monheja. The other author has encountered sixteen Group C strains in the 
throats of normal human beings all of which fermented trehalose and lactose 
but not sorbitol. 

It is of interest that the fermentation of salidn is somewhat variable among 
strains placed in this group. A definite proportion of the strains fail to ferment 
thb substance. 

Group D . — The eight strains of this group described by Lancefield (7) were 
all derived from cheese. Of the present series of strains, 34 were found to 
belong to this group, and their biochemical reactions were in all important resp)ccts 
similar to those originally studied bj' Lancefield. These 34 strains were described 
by Hare and Coicbrook (6) as “pscudohemolytic streptococci” because they 
differed from organisms placed in the other groups in not forming soluble hemo- 
b'sin, when tested by the usual methods,* although giving complete and wide 
areas of hemoh-sis on blood agar plates. They also regularly ferment mannitc 
and sorbitol as well as trehalose, lactose and salidn, and give a low pH in 1 per cent 


* It is probable that the S 21 scries of Minctt and Stablcforth (16) are similar 
organisms. 

* The actual method consisted in the addition of one volume of a 12 to 16 hour 
culture in 20 per cent horse scrum broth to one volume of 5 per cent horse red 
cdls in saline and incubating the mixture at 37'C. for 2 hours. Todd (17) has 
since shown that by cmploj-ing a highly buffered broth and a relati\'cly lower 
temperature (.iQ'C.) for the incubation of the cultures, Group D organisms do 
lo-mn sui.ndc.nt soluble hcmolj-sin to give a positive test when the cultures arc 
.sddo! to ml cells in saline. 
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glucose broth but have little or no action on sodium hippurate. Similar organisms 
have been described by Taylor and Wrightj (3) as occurring in the vagina, and 
by Weatherall and Dible (18) in the feces. One of us has confirmed this 
latter finding. These pseudohemolytic streptococci resemble the group of entero- 
cocci or S. faccalis more than 5. pyogenes because they are characteristically 
lanceolate, grow in moist luxuriant colonies, and a proportion resist heat at 60°C. 
for 30 minutes. It is improbable tliat organisms of this group are responsible 
for severe infections, although one case of endocarditis due to them has been 
encountered. ® 

Group F . — ^This is a new group not hitherto described. The original members 
(four strains) were obtained from Dr. Perrin H. Long. Their morphology was 
originally described in abstract by^ Bliss and Long (20) and in more detail recently 
(21). Their chief characteristics are their slow and difficult growth, and the 
formation of minute transparent colonies with a relatively wide area of hemol 3 'sis. 
The original strains of Bliss and Long w’ere obtained rarely from the throats of 
normal individuals and more often from patients with infections of the upper 
respiratory tract. In addition to the two Group F strains observed in the present 
series, others have been obtained from the tonsils of one patient and from the 
chest fluid of another patient in the Hospital of The Rockefeller Institute. The 
significance of these organisms in human infections is at present uncertain, al- 
though the two strains encountered in this studj’’ did not give rise to infection. 

Group G . — This is another group not hitherto described. The immune sera 
used for its differentiation were made by the injection of rabbits wnth one of the 
strains studied here. The ten members of the group described in this communica- 
tion resemble the members of Group A very closely in their biocliemical reactions, 
including the ability to digest human fibrin, a property which seven of the ten 
strains possessed. Two additional saprophytic strains from the vagina and slx 
strains from normal human throats have also been encountered, as well as one 
strain from a case of otitis media in a dog and one from a fatal case of pneumonia 
in a monkey. Four strains from the throats of normal monkej'S have also been 
found. 

DISCUSSION 

The researches described in this paper are, in effect, an attempt to 
differentiate those hemolytic streptococci which are likely to do harm 
during childbirth from those which either do not or cannot do so. 

® It is improbable that the pseudohemoh’tic streptococci from the respiratorj' 
tract described by Gumming (19) are the same organisms. None of his strains 
fermented mannite, whereas all the Group D strains do so. After four sub- 
cultures none of the strains studied by Gumming showed hemolysis on rabbit 
blood agar plates although they w'ere hemolytic on human blood agar. Further- 
more, his strains were indistinguishable, microscopically and colonially, from 
S. pyogenes-, Group D strains can, witli a little practice be readil}’^ distinguished. 
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The predpitin tests show that the vast majority of strains from 
definite infections of the uterus are members of Group A. Lancefidd 
(7) has also described a group of 21 strains mainly from infections of 
the hiunan respiratory tract which gave predpitates with Group A 
sera. Their biochemical reactions were similar to those of the ma- 
jority of the infective uterine strains described in this paper; that is, 
both groups failed to hydrolyze sodium hippurate or to grow on 40 
per cent bile agar, but attained a low pH in 1 per cent glucose 
broth, digested human fibrin, and fermented trehalose, lactose, and 
salidn and, very occasionally, sorbitol and mannite. Although it is 
possible that other groups may later be found implicated as producers 
of human disease, as suggested particularly by the recent work of 
Long, Bliss, and Walcott (22), it appears at present that Group A 
strains are the hemolytic streptococd most likely to cause serious 
human infection. 

The vast majority of hemolytic streptococd from the birth canal 
which do not bring about active infections are not members of this 
group. Most of them fall either into Group B or D ; the former being 
identical with certain strains causing bovine mastitis, and the latter 
resembling S.faecdis more than 5. pyogenes. These two groups were 
difierentiated by Hare and Colebrook (6) by means of biochemical 
tests, and this differentiation has been here confirmed serologically. 
The remaining non-infcctive strains fell into Group C, F, or G, or were 
undassified. In their biochemical reactions they resemble Group A, 
and for Uus reason Hare and Colebrook were unable to differentiate 
them from the infective strains. But that they differ immunologicaUy 
from Group A strains can hardly be doubted in \'iew of the results of 
the present study. It would therefore appear that the differentiation, 
by a comparatively easy predpitin test, of hemolytic streptococd 
which arc potentially infective from those which arc harmless to man 
is entirely feasible. 

It seems highly probable that the human nasopharj-nx is the main 
reservoir of Group A strains in nature. Because of this, and because 
of the great rarity of Group A hemolytic streptococci in the normal 
vagina, ct:!e partum, there can be little doubt that thevastmajority 
of puerperal hemolytic streptococcal infections arc due to inoculation 
from some other source than the patient’s gcniuil tract and prob- 
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ably arise from the above mentioned reservoir in the patient or 
attendants. Thus, indirectly, this work confirms that of Smith (23) 
and of Paine (24), who showed that the organisms in the majority 
of hemolytic streptococcal infections of the uterus could be identified 
agglutinin absorption as the same as those present in the nose or 
throat of one or other of the attendants at the time of delivery. 

The correlation between puerperal infection and the presence of 
Group A hemolytic streptococci in the vagina, on the one hand, and 
the corresponding lack of serious infection though hemolytic strepto- 
cocci of other serological groups are often present, is set forth in the 
following summary. 

TABLE VI 


Summary of Results with Rcfercttce to Group A Hemolytic Streptococci 


Source of cultures 

No. of 
cases with 
hemolytic 
strepto- 
cocci 

No. of 
Group A 
strums 
isolated 

TiTse of infection 

Cases admitted to Isolation Block after 

45 i 

44* 

All severe puerperal infec- 

delivery: 45 



tion 

sWomen delivered in Hospital (cultures 

85 

1 

1 fatal puerperal infection 

taken post partum): 837 


0 

18 minor infections 



1 

65 afebrile cases 

Women delivered on District (cultures 

13 

0 

1 minor infection 

taken ante partum) : 855 



12 afebrile cases 


* A Group G strain, together with a Staphylococcus aureus, was isolated from 
the remaining c^lse. 


It is, therefore, evident that hemolytic streptococci may be har- 
bored in the birth canal either before or after delivery, without causing 
disease, provided they belong to serological groups other than Group 
A. Group A hemolytic streptococci, on the contrary, are usually 
absent from the vagina ante partum or are exceedingly rare, as showm 
by the failure to find organisms of this group in cultures taken before 
delivery from the present series of patients. However, Group A 
hemolytic streptococci if present in the vagina post partum almost 
always give rise to serious puerperal infection. According to these 
results, therefore. Group A strains are probably the only hemolytic 
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treptococci capable of causing definite puerperal infection in the hu- 
lan species, and such infection almost invariably occurs if Group A 
lemolytic streptococci are present in the vagina. 

CONCLUSION 

1. The majority of strains of hemolytic streptococci from puerperal 
nfections of the uterus were identified serologically as members of 
he Group A described by Lancefield. 

2. The majority of strains isolated from the birth canal of women 
whose pueiperium was afebrile were not members of Group A. 

3. The existence of two new serological groups of hemolytic strepto- 
cocci, Groups F and G, is described. 
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The exudate employed in this and the subsequent experiments was removed 
from the upper respiratory tract of birds experimentally infected with a coryza of 
rapid onset and long duration. In the case of the birds which were injected intra- 
tracheally, e.xudate from the trachea of a few birds which had shown spontaneous 
involvement of that locus was also used. This type of cor3'za has been maintained 
for over a year by bird to bird transfer. Reccntlj' isolated cultures of the fowl 
coryza bacillus were employed, new cultures being substituted for the old as the 
work progressed. The organism was cultivated for 1 to 2 days at ST’C. in fluid 
chicken serum at the base of slanted nutrient agar. Unless otherw’ise indicated 
approximately 0.5 cc. amounts of exudate, diluted with a little bouillon, and of 

TABLE I 


Intratracheal Injection of Exudate 


Source of exu- 
date 

Bird No. 

Symptoms of 
tracheal 

Discharge from 

Length of 
time to 

Inflammation 
of trachea at 

Isolation of_ 
coryza bacilli 


involvement 


autopsy 

autopsy 

from trachea 





days 



Nasal pas- 

1 

_ 

-k 8th day 

8 

— 


sages 

2 

— 

~ 

8 

— 



3 

— 

— 

6 

— 


Trachea 

4 



14 

— 



5 

— 

-k 3rd day 

8 

1 — 

“ 


6 

-f- 4th day 

-k 2nd day 

5 

+ 

! + 


i 





-k 


7 

? 

-k 4th day 

6 

-k 


i 





+ 


CO 

-k 4th day 

-k 5th day 

6 

-k 


-k 1st day 

-k 2nd day 

3 

-k 

-k 


i 







10 

— 


18 




undiluted culture fluid were employed. The injected birds which w'ere generally 
between 2 and 3 months of age, were maintained under strict quarantine, and were 
examined daily during the period of observ^ation. 

The results of the experiment on the intratracheal injection of 
exudate are summarized in Table I. The 3 birds which had received 
exudate from the nasal passages showed neither symptoms of respira- 
tory difficulty during life nor an inflammation of the trachea at 
autopsy. One of the birds developed a coryza on the 8th day. 

Two of the birds which had received tracheal exudate likewise 
showed no involvement of the trachea. The respiration of the third 
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a week after injection and the third at the end of the 2nd week. Two 
of the birds developed a coryza after 6 and 7 days, respectively. Post- 
mortem examination revealed inflammatory manifestations only in 
the upper air passages of the 2 birds which had shown a nasal discharge. 

The fowl coryza bacillus was not isolated from lacrimal duct cul- 
tures which were made on the 4th day after injection. A few colonies 
of the specific bacillus were obtained, however, from the lacrimal duct 
of one of the birds which developed a coryza. 

The 3 birds which were injected with culture fluid likewise showed 
no indication of a local involvement, either during life or at autopsy. 
Two of these birds developed a coryza, in one case on the 3rd day after 
injection and in the other on the 4th day. These 2 fowl were kept 
under observation for a 10 day period after recovery from the coryza 
had occurred. The duration of the nasal discharge was 15 days in 
one bird and 8 days in the other. In neither case was there any 
visible involvement of the exterior portion of the orbital tract during 
this extended period. 

Inira-aural Injection 

Two groups of 3 birds were injected intra-aurally with exudate and culture 
fluid, respectively. A few drops of the inoculum were introduced into both 
tympanic cavities by way of the external auditory meatus. 

. Of the group which received exudate, one bird showed a nasal 
discharge on the 7th day after injection. This bird was killed on the 
same day and at autopsy a mucopurulent exudate was present in the 
nasal cavities and in the right orbital sinus. A pure growth of the 
coryza bacillus was obtained from both loci. The aural tract was 
normal. The 2 remaining birds which were held for a period of 2 
weeks showed no involvement of the organs of hearing or of the upper 
air passages. 

One of the birds which was injected with culture fluid likewise 
showed a coryza, the nasal discharge appearing on the 6th day. This 
bird was killed on the 21st day of the discharge and autopsied. It 
may be noted that the coryza produced by the specific bacillus rarely 
persists for so long a period. The nasal cavities and sinuses contained 
a large volume of exudate from which the specific bacillus was not 
isolated. The tympanic cavities and auditory canals were normal. 
Two of the birds showed no inflammatory reaction in either the aural 
or upper respiratory tract. 
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birds, in one instance being still noticeable on the 10th day after 
injection. In 4 of the birds which were killed on the 7th day it was 
no longer visible. There was no indication of a systemic involvement 
in any case. None of the birds showed a nasal discharge during the 
period of observation. 

Postmortem examination revealed a tough yellowish plate of exudate beneath 
the skin at the site of injection. This local mass of exudate, measuring in one 
case 6.5 by 1.5 cm., was loosely adherent to the underljung tissue which was 
hemorrhagic and thickened. The skin over the involved area was also thickened 
and somewhat congested. The local exudative reaction was observed in birds 
killed as early as the 4th day and as late as the 10th day after injection. The 
abdominal organs, lung, and upper respiratory tract showed no visible patho- 
logical changes in any case. 

The fowl coryza bacillus was isolated in only tw'o instances from the local e.xu- 
date. Cultures from the nasal mucosa and the spleen w'ere uniformly negative. 

Intraperiloneal Injection 

Twelve birds were injected intraperitoneally with 1.0 cc. amounts of culture 
fluid. Seven individuals of this series were given a single injection and 5 were given 
2 injections spaced 48 hours apart. 

The results of this experiment are summarized in Table II. One 
bird, No. 12, showed a labored breathing in the morning of the 3rd day 
and was found dead the same afternoon. No visible pathological 
changes were found at autopsy. A second bird. No. 3, refused food 
for 2 days after injection but subsequently regained its normal state 
which continued during the period of observation. The remaining 
birds showed no symptoms suggestive of a systemic reaction. 

A coryza occurred in a single case, Bird 5, which showed a nasal 
discharge on the 3rd day after injection. At autopsy, a mucopurulent 
exudate was present in the nasal cavities. Postmortem examination 
of the upper respiratory tract showed no inflammatory involvement 
in the other birds. Minor changes were found in the abdominal 
cavity of 4 birds. Nos. 2, 3, 8, and 11. In 2 cases a small amount of 
tenacious exudate was reflected as a membrane over a portion of the 
liver. In 2 other cases small encapsulated masses of exudate were 
present in the omental tissue. No visible lesions were encountered m 
the other birds. 
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In most cases only a few organisms were present. There was no 
visible inflammatory response and no leucocytes were found on films. 
One bird, however, showed a definite coryza and the presence of 
numerous bacilli. The experimental birds were maintained under 
environmental conditions which precluded, in so far as was possible, 
the acquisition of the specific bacillus from the outside. Carnage 
of the bacilli from the peritoneal cavity to the nasal passages seems to 
be clearly indicated. The way in which this carriage was effected 
is not known. Blood cultures were regularly negative but this finding 
does not necessarily contraindicate a circulatory carriage. The 
possibility that they might be transported in cells which had engxilfed 
them at the site of injection suggests itself but is quite without proof. 

CONCLUSIONS 

The mucous surfaces of the nasal passages and orbital sinuses 
appear to afford particularly favorable conditions for the development 
of the fowl coryza bacillus. Injected in the nasal tract, in any ap- 
preciable number, the bacilli regularly develop and may continue to 
exist for a considerable period of time in spite of an active inflam- 
matory reaction on the part of the host. 

The specific bacillus multiplies either sparsely or not at all when 
injected cxtranasally, regardless of the nature of the cellular surface 
with which it is brought in contact. 

If the locus of injection is in communication with the upper air 
passages, as in the case of the trachea, internal ear, and orbital ca\'ity, 
the bacilli may be carried there, even in the absence of a local develop- 
ment, and produce a coryza. 

Introduction of the bacilli in loci not in communication with the 
upper air passages is followed by a nasal carriage only in the case of the 
peritoneal cavity. Following intraperitoncal injection, 7 of 12 birds 
showed the specific bacillus in the nasal passages and except in one 
instance without an accompanying inflammation. 
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(Reedved for publication, December 12, 1934) 

It was previously noted that recovery from coryza in AedomesUc 
fowl was often attended by an altered state of susceptibihty. 


Birds which had recovered from the corj-aa produ^ by the ’^^Towl 

of exudate were generally resistant to reinfection witii 
cor>-za bacillus. Birds which had recovered from the co^-za 
tion of the specific badUus were generally resis^t to 

but were not completdy protected against reinfection wi _ incuba- 

duction of exudate was commonly followed by a cor>^ 

tion period of 10 daj-s or longer. In A«e cases the ®P^" tom 

isolated from the nasal passages. The mjection of nor^ fow wi 
these birds was followed, in some instances, by an immediate return to the on^ 
cora-ra of rapid onset In other instances, obsei%-ed recently, the prolonged 
meubation period persisted with continued passage tom bird to bird. 


The experiments which arc reported in the present paper were un er 
taken to determine whether or not the susceptibility of the fow cou 
be altered by cxtranasal injection of the specific bacillus. 


experimental 

Intratracheal Injection . — Six birds which had shown no sj'mpkOms of corj^ 
following intratracheal injection of the specific badUus were injected intra > 
after an intenTil of H da>-s with the same organism." 


‘ Nclron, J. B., J. liap. Med., 1933, 53, 297. 

• Unless otherwise spedfied, 0.5 cc. amounts of living, 24 to 45 hours old, chicken 
scrvim-aga: cultures of the fowl corsia badllus were used in these cipcr....ent5. 
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The susceptibility of these 6 birds was identical with that of a 
previously untreated bird which was injected at the same time with the 
same inoculum. In each case, after an incubation period of 24 hours, 
a coryza of short duration was manifested by a nasal discharge from 
which the specific bacillus was readily isolated. 

Intradoacal Injection . — Three birds were injected intracloacally with the fowl 
corj'za bacillus and the same number with infective exudate. The birds were kept 
under observation for 17 and 14 days, respectively. They \vere then injected 
intranasally with the same inoculum. 

The 6 birds were unaffected by the intradoacal injection. Their 
response to the intranasal injection was similar to that of 2 previously 
untreated birds which were injected simultaneously with culture fluid 
and exudate, respective!}'. The birds which had received an intra- 
nasal injection of the specific bacillus all developed a coryza of rapid 
onset and short duration. The incubation period was 24 hours in 
each case. The birds which had received an intranasal injection of 
exudate likewise showed a nasal discharge after 24 hours. In these 
birds the coryza was of long duration, inflammation of the nasal 
mucosa being still apparent 4 weeks later, when they were killed. 
The fowl coryza bacillus was regularly isolated from the nasal passages 
in both cases. 

Subcntancous Injection . — Susceptible fow'l were injected subcutaneously in the 
outer surface of the fore leg with 1.0 cc. amounts of culture fluid. Five birds re- 
ceived a single injection and 3 received 3 injections which were spaced 4 days apart. 
After a rest period of 12 to 16 days they were injected intranasally with cultures of 
the specific bacillus. 

The susceptibilit}' of the 5 birds which had received a single sub- 
cutaneous injection of the fowl coryza bacillus was comparable vdth 
that of an untreated bird injected at tlie same time with the same 
culture fluid. After a short incubation period, varying from 24 to 48 
hours, all of the birds showed a coryza of short duration. The specific 
bacillus was identified in cultures from the nasal exudate. 

The 3 birds which had received 3 subcutaneous injections likewise 
showed an unaltered susceptibility. Intranasal injection of the fowl 
coryza bacillus was promptly followed by a nasal discharge. 
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case attempts to cultivate the specific bacillus from the nasal exudate 
met with failure. One bird, No. 24, showed no symptoms of coryza 
either immediately after injection or during a subsequent observation 
period of 4 weeks. At autopsy, the nasal mucosa was normal. 

TABLE I 


The Effect of Inlrapcntoncal Injection on Susceptibility to the Fowl Coryza 

Bacillus 


Bird No. 

Length of time to intranasal 
injection 

Nasal reaction 


days 


1 

11 

— 

2 

11 

— 

3 

14 

+ 24 hrs. 

4 

14 

— 

S 

14 

— 

6 

11 

+ 24 hrs. 

7 

11 

+ 24 hrs. 

8 

11 

+ 24 hrs. 

9 

11 

-|- 24 hrs. 

10 

11 

+ 24 hrs. 

11 

11 

— 

12 

11 

— 

13 

11 

— 

14 

11 

— 

15 

11 

— 

16* 

7 

+ 24 hrs. 

17 

7 

— 

18 

7 

— 

19 

7 

— 

20 

7 

— 


* The last 5 birds received 2 intraperitoneal injections. 


A previously untreated bird which was injected intranasally with 
a portion of the same exudate used in testing for susceptibility showed 
a coryza on the following day. The fowl coryza bacillus was isolated 
from the nasal exudate. 

One of the 3 birds which were injected with e.xudate following 
recovery from the coryza produced by the bacillus in pure culture 
showed normal susceptibility. In this bird, No. 26, the intranasal 
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injection was prompUy followed by a nasal 

specific bacillus was isolated. Two of these birds, ^os. 2 and 28 

showed an abnormal response characterized by a nd^ldth day 

wMch was manifested by a nasal discharge on Are Wth -nd W* <ta> 
respectively. The specific bacillus was not isolated from the nasal 

exudate in either case. 

TABLE n 



Length of time to intrannsil 

Kual reaction 

Bird Ko. 

icjectioa 



izjz 



7 

-z- 14 days 

1 I 

7 

+ 27 daj-s 

2 

7 

+ 27 days 

3 

7 

— 30 days 

4 

5 

7 

2 d&ys 


TABLE m 


Tkc Efecl of lUcazcry from the Coryza Froduud by Cultures of the Specific Bacillus 
on Susceptibility to Exudate . 


Bird Ko, 

iDcubatica period 

Ihirationcf 

discharse 

of tise to 
rdrfcction 

Kual rtictlca 

1 

2 

3 

1 1 day 

1 t day 

1 1 day 

5 days ' 

6 days 

6 days 

11 

11 

11 

-1- 2 days 
+ 19 days 
-1- 16 days 


DISCUSSION 

Intratracheal and intracloacal injection of the fowl corj'za bacillus 
had no apparent efiect on the susceptibility of fowl to coryza. Gro 
of the specific bacillus ■n’as as well sustained in the nasal passages of 
birds which had previously been injected by these routes as it was in 
untreated birds of known susceptibility. The inflammatory r^ponse 
of the host was the same in both cases. These findings might be 
anticipated from the earlier noted obsciwation that the fowl coryza 
bacillus develops only irregularly in the trachea and is unable to 
establish itself in the cloaca.* 

* Nrbon, J. 15., J. Jffi., 1935, Cl, 551. 



366 


UNCOMPLICATED COEYZA OF DOMESTIC FOWL. W 


Subcutaneous injection likewise failed to influence the susceptibility 
of fowl to coryza. Intranasal introduction of the specific bacillus 
promptly and regularly elicited a nasal discharge in birds which had 
received an earlier subcutaneous injection. It was previously noted 
that subcutaneous injection of the fowl coryza bacillus is regularly 
attended by a limited growth of the bacteria at the site and a local 
inflammatory reaction on the part of the host.® Growth is apparently 
checked by this reaction before the bacilli have multiplied sufficiently 
to provoke a general immune response. 

Intraperitoneal injection, however, was followed by an irregular but 
definite alteration in the susceptibility of the host to coryza. Thus, 
9 of 15 birds (60 per cent) which had received a single intraperitoneal 
injection of the specific bacillus and 4 of 5 (80 per cent) which had 
received 2 injections were unaffected by a subsequent intranasal 
injection. Four of 5 birds that were subsequently injected with 
exudate likewise showed an altered susceptibility. The specific effect, 
in this case, was less conspicuous but was comparable to that attendant 
upon recovery from the coryza produced by cultures of the specific 
bacillus. 

Introduction of the fowl coryza bacillus into the nasal passages of 
susceptible fowl is invariably followed by an active multiplication 
which is opposed by a vigorous local inflammatory reaction. Multi- 
plication of the bacteria occurs largely, if not solely, outside the cells 
which line the nasal passages. As the result of intraperitoneal injec- 
tion it appears that environmental conditions which normally favor 
development of the specific bacillus in the nasal tract are so altered 
that bacilli which are introduced there are either destroyed or held in 
check. This inhibition is accomplished without the intervention of an 
inflammatory response. 

The earlier finding that intraperitoneal injection may be followed 
by a migration of the specific bacillus to the nasal tract is of interest 
in coimection with this altered susceptibility of the fowl.® The bacilli 
which have migrated to the upper air passages rarely multiply to any 
extent and are rarely opposed by a local inflammation. Thus, active 
multiplication of the bacillus, followed by a nasal discharge, was ob- 
served only once in a series of 37 birds injected intraperitoneally. 
The question arises whether the bacteria which are present in the 
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nasal passages as the result of migration from the peritoneal cavity 
may not be directly concerned •with the altered reaction of the host. 
Stated in other words, is the altered state of susceptibility -which is 
provoked by intraperitoneal injection referable to a local imm u ni ty’' 
induced by the few baciUi which are present in the nasal tract, or is 
it a local manifestation of a general immunity stimulated by the 
presence of the bacilli in the peritoneal ca-vity? 

The fact that subcutaneous injection, which is followed by a limited 
development of the bacillus locally but is unattended by a migration 
to the nasal passages, has no demonstrable effect on the susceptibilitj’’ 
of the fowl tends to favor a local as opposed to a general immunity. 
The rough approximation between the number of birds which are 
found to harbor the specific organism intranasaUy and the number 
which show an altered susceptibility, folio-wing intraperitoneal injec- 
tion, also supports the -view that a local process is involved. The 
present evidence, however, is too meager to warrant a conclusive 
answer to the question -which has been raised. 

SUMMABV 

Intratracheal, intracloacal, and subcutaneous injection of H\dng 
cultures of the fowl coryza bacillus bad no demonstrable effect on the 
susceptibility of fowl to coryza. 

Intraperitoneal injection was irregularly followed by a definitely 
altered susceptibility. Growth of the specific bacillus was inhibited 
in the nasal tract of approximately 70 per cent of 25 birds -which had 
received an earlier intraperitoneal injection. 




PHENOMENON OF LOCAL SK[N REACTIVITY TO BACIL- 
LUS TUBERCULOSIS 


I. Shtn-Prepaeatory and Reacting Potencies oe Tcberctjun, 

O.T., AND BAdLLDS TUBERCULOSIS CULTURE FILTRATES 

Bv GREGORY SHW'ARTZilAN, M.D. 

{From the Laboratories oj The Mount Sinai Hospital, N erjo York) 

(Recdved for publication, December 10, 1934) 

Since the phenomenon of local ^Vin reactivity to bacterial filtrates was first 
described, attempts have been made to reproduce it •with culture filtrates, different 
culture products and live cultures of a great varietj’ of microoTganisms including 
B. tuberculosis (1). Nasta reported failure to elicit the phenomenon •with tuber- 
culin, O.T. (2). According to Bieling, Oelrichs ■was able to obtain it ■with certain 
culture filtrates of B. tuberculosis (3). In her experiments, the phenomenon- 
producing factors were not related to the substances responsible for tuberculin 
h>-pcrscnsitivcness. Bordet observed reactions in guinea pigs at the site of intra- 
dcrmal inoculations of BCG cultures following the intravenous injection of 
B. coli culture materials (4). Freund reported that intravenous injection of 
B. typhosus culture filtrate produced severe reactions at the site of intradermal 
tuberculin tests in guinea pigs sensitized ■with BCG cultures. He obtained no 
reactions in normal guinea pigs (5). 

The object of the -work embodied in this paper was to investigate 
further the phenomenon-producing properties of various preparations 
from cultures of tubercle bacilli, with special reference to processes 
of tuberculin hypersensitiveness. 

Strains. The strains of B. tuberculosis employed ■were the Borae Tjpe — 
Cl 4SS-559 {of New York City Board of Health); Human T>pe — H it; and Avian 
Tj’pe S23 of the American Tj’pe Culture Collection. 

CtjJ.'iirrs.— -Tlic strains employed were each seeded on the surface of 2SO cc. 
of 5 jier cent glycerine broth pH 7.2 placed in 1000 cc. Erlcnmcycr flasl:s. The 
cotton plugs were .scaled with paraffin and the cultures incubated at 37.5'C. 
Tlie length of the meubation perievd is indicated in the tables. 

/ i.'.ve.vj. The cultures ■were centrifuged at high speed. The clear super- 
natant tluid V..-IS decar.tcil and filtered through Berkcfeld V candles. Sterility 
c\'ntrr>ls were made on plain agar slants and Ivowenstcin media. 
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Tiibcradin, O.T , — Cultures were heated in the Arnold sterilizer for li hours 
and filtered through one layer of sterile filter paper. The filtrates were trans- 
ferred to sterile beakers and evaporated to 1:10 original volume in the water bath 
at 56°C. The length of time required for evaporation varied from 24 to 36 hours. 

The experiments described in this part of the paper deal with 
attempts to elicit the phenomenon of local sldn reactivity to B. 
tuhercnlosis in normal rabbits by the utilization of products of the 
bacilli for intradermal and intravenous injections. 

In preliminary experiments, the primary irritating effect of intra- 
dermal injections of tuberculin, O.T., and various culture filtrates was 
studied. Filtrates gave no local reactions. Undiluted tuberculin 
frequently produced pustules with hemorrhagic zones at the periphery 
24 hours after intradermal injections. Dilutions 1:3 elicited small 
pustules with a bright red erj^thema at the periphery. Dilutions 1:5 
and liigher gave no noticeable inflammatory response. The irritation 
described was apparently due to the high concentration of glycerine, 
since preparations of 25 and 50 per cent glycerine in plain sterile broth 
gave similar reactions. In the experiments wliidi follow, it seemed 
advisable to avoid primary'- skin irritation, since it wms previously 
observed that in instances in w^hich the preparatory factors produced 
no primary reaction the lesions following intravenous injections of 
bacterial filtrates were clearly defined and stronger than w^hen the 
intradermal injections by themselves elicited inflanmiation. 

As is seen in Table I, an undiluted Filtrate 1703 and several batches 
of tuberculin, O.T., diluted 1:7.5 were employed for preparation of 
the skin. 24 hours later, large doses of the filtrates and tuberculin 
were injected intravenously. No reactions were to be seen 4 and 
24 hours after the intravenous injections. 

In this part of the work advantage was taken of the fact that the 
skin prepared with the factors of one microorganism reacts to tlie 
intravenous injection of cultures and culture filtrates of other unre- 
lated microorganisms (6). 

As is seen in Table II, the skin of rabbits was prepared by single 
injections of 0.25 cc. of various batches of human and bovine tuber- 
culin, O.T., a filtrate of bovine B. tuberculosis broth culture and 
purified tuberculin T.P.T. (kindly supplied by Dr. Florence Seibert). 
24 hours later, the rabbits received single intravenous injections of 
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meningococcus and B. typhosus “agar wastiings” filtrates. The 
potency of the filtrates, as indicated in Table H, rras determined on 
rabbits prepared by intradennal injections of homologous filtrates. 

In these experiments, batches of human and bovine tuberculin, 
O.T., prepared in the Mount Sinai Hospital Laboratories were capable 
of inducing the state of reactivit}' (Groups 1, 4, 5, 6 and 8). Similar 
attempts with the New York Board of Health tuberculins and with 


TABLE I 

Phenomenon of Local Shin Rcaclioily to B. tuberculosis by the Use of Tuberculous 
Substances for Itilradermal and Intravenous Injections in Normal Rabbits 


Croup 

SUn-preparatory injectioas* 

Intravesoas injections 

Rcactior,s 

4 and 24 

No. 

Material used 

Dilutioa 

Material csed 

Dose per kg. 
of weiglit 

ictrarenous 

injections 

1 

Human Tuberculin, 
O.T., 12 Mt. Sinai 

1:7.5 

Human Tuberculin, 
O.T., 12 Mt. Sinai 

1 cc. un- 
diluted 

0/3t 

1 

2 

« « 

1:7.5 

<{ (t 

1 cc. di- 
luted 

1:2 

0/3 

3 

t703-Hunian Tb. • 

Ha; — filtrate of 5% 
glycerine broth cul- 
ture 0 whs, old 

Undilu- 

ted 

1703-Human Tb. 

Ha; — filtrate of 

5% glycerine 
broth culture 

3 cc. un- 
diluted 

! 

0/9 

4 

Human Tuberculin, 
O.T., 14 X. Y. 
Board of Health 

1:6 

Human Tuberculin, 
O.T., 14 N. Y. 
Board of Health 

2 cc. di- 
luted 
1:2 

0/4 


* In all the tables, 0,25 cc, was injected intradennally. 

1 In all the tables, the numerator indicates the number of positive rabbits. 
The denominator indicates the number of negative rabbits. The sum of both 
indicates the total number of rabbits in each group. 


the purified T.l’.T. tuberculin consistently failed. It becomes obvious 


then that the skin-preparatorj- factors arc found in tuberculins in low 
and variable concentrations. 


nie previously described (7) reciprocal quantitative relationship between the 
f.V.:n-prct«rator>- and reacting factors Ls observed in these c-tperiments as weli. 
Thus, Tuliercuhn 12 diluted 1 ;7,5 rc.actcd with 10 r«.ctir.g units. tMren diluted, 
it fa-iletl to react with less than 15 units. Also, 25 reacti.ng units did not didt 
rrartion^ at rites prepared with Tul>crajlin 10 dHutions higher th.an 1:.’.’:. 
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In experiments summarized in Table III, meningococcus and B. 
typhosus culture filtrates of ascertained skin-preparatory potency 

TABLE II 


Phenomenon of Local Skin Reactivity to B. tuberculosis by the Use of Tuberculous 
Products for Inlradcrmal Injections, and Heterologous Bacterial Filtrates for 

Intravenous Injections 


Group 

Skin preparatorj’ injection 

Intravenous injection 

Reaction 
5 hrs. 

■ after in- 
. tra\"cnous 
injection 

No. 

Material used 

Dilution 

Material used 

Dose per kg 
of weight 

1 j 

1 

Bovine Tuberculin, 
O.T., 10 Mt. Sinai 

Diluted 1:5 

T.1837 B.TyTi* 

25 units 

3/0 

2 

<( H 

“ 1:7.5 

it it 

25 “ 

0/5 

3 

u tt 

“ 1:7.5 

T.1832 B.TyTi 

25 “ 

0/3 

4 

a a 

“ 1:5 

T.1S36 Mg.44B.t 

25 “ 

2/1 

5 

it it 

“ 1:15 

T.1847 B.TyTi 

25 “ 

0/3 

6 

Human Tuberculin, 
O.T., 12 Mt. Sinai 

“ 1:7.5 

T.1837 B.TyTi 

10 “ 

3/0 

7 

<( << j 

“ 1:15 

it a 

12.5 units: 

0/3 

8 

i< « 

“ 1:5 

a <( 

15 units 

1/2 

9 

T.P.T. purified tu-' 
berculin Seibert 

10 mg. 

u u 

IS “ 

0/3 

10 

N. Y. Board of 
Health Tubercu- 
lin, O.T., 67 

Diluted 1:3 

j « <i 

15 “ 

0/3 

11 

« « 

Diluted 

(C it 

IS “ 

0/3 

12 

Filtrate of 10 day 
broth culture of 
human Tb. 1800 

Undiluted 

T.1795 Mg. 44B. 

IS “ 

0/3 

13 

Bovine Tuberculin, 

[ O.T., 7 Mt. Sinai 

DUuted 1:7.5 

T.1815 B.TyTi 

25 “ 

0/3 

14 

N. y. Board of 

Health Tubercu- 
Un, O.T., 14 

“ 1:5 

T.1876 Mg.44B. 

25 " 

0/3 

15 

1 it it 

" 1:5 

it t 

M) “ 

0/3 


The titrations of the reacting factors were made with homologous filtrates 
injected intradermally. 

* In this and the following tables, abbreviation B.TyTi, designates “agar 
washings” filtrates of B. typhosus, Strain T cultures. 

fin this and the following tables, abbreviation Mg.44B, designates og&r 
washings” filtrates of meningococcus Group III cultures. 

were employed for intradermal injections. Various batches of tuber- 
culin, O.T., were injected intravenously into the rabbits 24 hours later. 
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Here again, severe reactions resulted from five tuberculin batches 
(bovine Tuberculins, O.T., 2, 3, 5, 11, and human Tuberculin 12) 

TABLE m 


Phenomenon of Local Skin Reactmly to B. tuberculosis by the Lse of Heterologous 
Bacterial Filtrates for Intradertnal Injections and Tuberculous Substances for 
Intravenous Injections 


Dose and naterial esed for sHn- 
preparatory injections 

Preparatioa cnplcyed 
for intravenous 
injections 

Dose of intravenous 
injection per kg. cf 

P.esults 

0.25 cc. T.1795 J,Ig.44B. 

50% glycerine 
broth 

4 

cc. undiluted 

0/3 (one died 1 
min. after 
intravenous 
injection) 

0.25 " “ 

U 

U U 

3 

<X It 

0/3 

0.25 " “ 

it 

if ii 

2 

tt tt 

i 0/3 

0.25 " T.1787 

tt 

Human Tubercu- 
lin, O.T.,2Mt- 
Sinai 

1. 

2 

1/0 

0.25 “ “ 

it 

Bovine Tuberculin, 
O.T., 3 hit. Sinai 

1 cc. dilution 1 : 2 

3/0 

0.25 “ “ 

tt 

<( 4( 

1 

“ “ 1:7 

0/3 

0.25 “ T.1S03 B.TyTi 

Bovine Tuberculin, 
O.T., 5 Mt. Sinai 

i' 

“ undiluted 

2/1 

0.25 “ “ 

tt 

(1 if 

1 

“ dilution 1:2 

1/1 

0.25 " T.1815 

a 

Human Tuberculin, 
O.T.,6Mt.Sinai 

1 

“ undiluted 

0/3 

0.25 " 

tt 

A\ma Tuberculin, | 
O.T., 9 Mt, Sinai 

1 

tt tt 

0/3 

0.25 " T.1S32 

it 

Bovine Tuberculin, 
O.T., 10 Mt. 
Sinai 

1 

tt tt 

0/3 

0.25 " “ 

tt 

Bo^nc Tuberculin, 
O.T., 11 Mt. 
Sinai 

1 

tt it 

3/0 

0.25 " “ 

tt 

tt tt 

1 

" dilution 1:2 

1/2 

0,25 “ “ 

It 

Human Tuberculin. 
O.T., 12Mt. 
Sinai 

1 

“ undiluted 

2/1 

0.25 " 

tt 

It tt 

1 

“ dilutior: 1:2 

3/'0 

0 25 “ 

<1 

tt tt 

1 

“ •• 1:5 

0,'3 


but failed vith three other preparations (human Tuberculin 6, a\'ian 
1 ulx-rculin 9 and bovine tuberculin 10). It is of intcre.sl that bovine 
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Tuberculin 10, which failed to elicit reactions in tlie experiments re- 
vealed here, proved potent when used as a skin-preparatory agent. 

As is seen from the experiments thus far described, tuberculin, O.T., 
contains in low concentration the factors necessar}'^ for the elicitation 
of the phenomenon. This becomes obvious if the doses employed 
in these experiments are compared with those of meningococcus, 
B. typhosus and other culture filtrates. The reactions under discus- 
sion cannot be obtained unless non-tuberculous bacterial filtrates of 
high potency arc used either for the skin preparation or for intravenous 
injection. In this manner the deficiency in potency of tuberculin is 
made up for by taking advantage of the strict quantitative reciprocity 
of skin-preparatory and reacting (intravenous) factors recorded in 
previous papers. 

It is notewortliy that a batcli of tuberculin was encountered which was endowed 
with skin-preparatorj'^ potency but was lacking in reacting factors. This is also 
a corroboration of previous obsen^ations on the apparent independence of skin- 
preparator}'’ and reacting factors. Thus, the majority of B. typhosus culture 
filtrates contained about 150 sldn-preparatory units and between 400 to 600 
reacting units per 1 cc. On the other hand, some meningococcus culture filtrates 
contained as many as 3000 reacting units for the same or smaller numbers of 
skin-preparatory units, hloreover, culture filtrates of some bacterial species {i.c. 
streptococcus) (6), serum precipitates (8), agar (9, 8) and starch (5) empowered 
with reacting potency were devoid of skin-preparatory effect. 

In the experiments reported here, Seibert T.P.T. and the New York 
Board of Health tuberculin were completel)'- inactive wliilst prepara- 
tions made in these laboratories were capable of eliciting the phe- 
nomenon. This demonstrates that the factors necessary for the 
elicitation of the phenomenon of local skin reactivity are not related 
to tuberculin substances proper. 

As described above the tuberculin of these laboratories was prepared 
by evaporation at 56°C. for 24 to 36 hours. The New York Board of 
Health workers evaporated the tuberculin by boiling over a free flame. 
It was shown in our early publications that prolonged exposure to heat 
is likely to inactivate the factors necessary for the phenomenon of 
local skin reactivity under discussion. Presumably, therefore, the 
lack of reacting potency in the New York Board of Health preparation 
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may be due to prolonged boiling. Apparently, the purification 
methods of Seibert also remove the toxic substances described here.' 

Recent studies on the phenomenon of local skin reactivity to bac- 
terial filtrates have demonstrated that the intravascular interaction 
of animal proteins and bacterial antigens vrith homologous antibodies 
brings about prompt and severe hemorrhagic necrosis at the site of 
tissues rendered vodnerable by previous injection of a potent bacterial 
filtrate. The interaction of antigens vrith antibodies was obtained 
as follows: (1) By the use of mixtures made in viiro of animal sera and 
egg albumin with homologous antibodies; (2) through intravenous 
injection of animal sera and egg albumin into rabbits passively sen- 
sitized with homologous antisera; (3) by the intravenous injection of 
animal proteins into rabbits previously actively sensitized to the same 
protein, and (4) through the intravenous injection of pneumococcus 
culture filtrates, incapable of eliciting the phenomenon bj’- themselves, 
into rabbits prc\aously passively sensitized with antipneumococcus 
antisera (10), and, as also recently shown by Plant (11), through the 
intravenous injections of mixtures of Spirochcta pallida haptenes with 
o.nt\-Spirochcla serum. 

The object of the experiments reported in this paper was to deter- 
mine whether the interaction of tuberculous material with homologous 
antibodies would elicit hemorrhagic necrosis at sites prepared by 
injection of potent bacterial filtrates. 

(a) Fifteen groups of three rabbits were given each, weekly single 
intradermal injections of bacterial filtrates of ascertained skin-prepar- 
atoiy potency'. 24 hours after each intradermal injection the rabbits 


*In recent publications (5) Freund has stated that the primarj" hemorrhagic 
cfiecl of substances injected intradcrmally is in direct relationship to its phe- 
nomenon-producing potenejn This conclusion would appear to be erroneous. 
For as can be seen from the ciperiments described in the present paper, tuber- 
culin, O.T., has a primarj- hemorrhagic cfTect associated with a low skin-prepara- 
tory potenty. Moreover, the skin -preparatory potencj' may be absent from 
many b.atchcs of tuberculin, whilst the primar>’ hemorrhage-producing property, 
ttbith b due to high concentration of glycerine, is constantly present. 

In cxtm.'jvc histological studies on the phenomenon, Gerber (l.t) found that B. 
ty/ hc;us culture filtrates with a skin-preparatory potenev shorm abo*.T to be ten to 


tv. rnty timcsstrongcrth.'.n tubcrculinnevcrclidtedany primaryhemorrhages. ,^d- 
etper-.ments dealing with thb problem wnl be publbbed in the near future. 



Group 

No. 





Skin-prepar.itoiy injections 






1st 


2nd 

3rd 

4th 

5th 

6lb 

1st 

1 

0.25 cc. 

0.25 cc. 

0.25 CC. 

0.25 CC. 

0.25 CC. 

0.25 CC. 

3 CC. T.1819 bo- 


T.1811 

T.181S 

T.1826 

T.1815 

T.181S 

T.1832 

vine Tb. fil- 


Mg.44B. 

B.TyTi 

Mg. 

20745* 

B.TyTi. 

B.TyTt 

B.TyTn 

trate 4 wks.oH 

2 


it 

tt 

tt 

tt tt 

« « 

tt tt 

<C (( 

« II 

3 

a 

it 

tt 

it 

tt tt 

tt tt 

it ti 

(( tt 

3 cc. T.1S18 bo- 
vine Tb. fil- 
trate 8 wks. old 

4 

a 

tt 

tt 

tt 

tt tt 

tt tt 

it tt 

it if 

3 cc. T.1817 bo- 
vine Tb. fil- 
trate 9 wks. old 

5 


it 

tt 

it 

tt tt 

tt tt 

tt tt 

it tt 

3 cc. T.1S27 bo- 
v-ine Tb. fil- 
trate 5 da)-s old 

6 


it 

it 

it 

tt tt 

tt tt 

tt tt 

tt tt 

1 cc. Tuberculin 
7 bovine, O.T. 

7 

it 

tt 

tt 

tt 

it tt 

— 

— 

— 

1 cc. Tuberculin 
S botdnejO.T. 

8 

a 

it 

if 

ft 

tt ft 

0.25 cc. 
T,1S15 
B.TyTi. 

0.25 cc. 
T,1815 
B,TyTj, 

0.25 cc. 
T.1815 
B.TyTi, 

3 CC.T.182S hu- 
man Tb. fil- 
trate 4 wks. old 

9^ 

u 

tt 

« 

ft 

tt tt 

tt tt 

ft tt 

tt tt 

3 CC.T.1824 hu- 
man Tb. fil- 
trate 5 wks. old 

10 

u 

« 

it 

tt 

ft tt 

tt tt 

tt tt 

(C ft 

3 cc. T.1S23 hu- 
man Tb. fil- 
trate 9 wks. old 

11 

it 

tt 

tt 

(f 

tt ft 

tt tt 

t( if 

tt « 

1 cc. human 
Tuberculin 6 

12 

t( 

tt 

ft 

ft 

tt it 

ft tt 

tt tt 

ft it 

3 cc. T.182S 
avian Tb. fil- 
trate 5 daj-s old 

13 

it 

tt 

tt 

tt 

if tt 

tt tt 

tt tt 

tt tt 

3 cc. T.1S22 
avian Tb. fil- 
trated wks. old 

14 

it 

tt 

tt 

it 

tt tt 

tt tt 

— 

— 

3 cc.T. 1820 av- 
ian Tb. filtrate 

15 

ft 


tt 

tt 

tt tt 

tt tt 

0.25 cc. 
T.1815 
B.TyTi 

0.25 cc. 
T.1815 
B.TyTi 

1 cc. Tuber- 
culin 9 av- 
ian, O.T. 


* Mg. = meningococcus Strain 20745. 
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were injected intravenously with certain tuberculin, O.T., batches 
and filtrates of tuberculous cultures of various ages. The results are 
summarized in Table IV. 

Following the first intravenous injection of the materials selected, 
no reactions appeared at the prepared sites. After the second injec- 
tion, there appeared reactions in one group (No. 1 1). The third injec- 
tion produced necrosis again in Group 11 and also in Groups 4 and 7. 
As a result of the fourth injection, reactions were obtained in pre- 
viously susceptible Group 4, and in new Groups 14 and 15. The fifth 
injection produced repeated reactions in Groups 4 and 15; the sixth 
injection repeated reactions in Groups 4 and 15 and in previously non- 
reactive Groups 2 and 13, and finally the seventli injection elicited 
necrosis in new Groups 6, 8, 9 and 10 and the previously reactive 
Group 4. As is also seen in the same table, the reactions elicited in 
the manner described were obtained with tuberculin, O.T., preparations 
of human, bovine and avian types, and bovine, human and avian B. 
tuberculosis culture filtrates of 4 and 9 weeks incubation, and failed 
with two 5 day and one 8 week old culture filtrates of bovine t}’pe. 

It is also of interest that some of the groups once reactive continued 
to show reactions with each subsequent intravenous injection (Groups 
4, 13), whilst others became refractory after one or several reactions 
(Groups 11, 14, 15). 

As is seen from all the facts presented, it is possible to elicit the 
phenomenon of local skin reactivity to bacterial filtrates by repeated 
weekly intravenous injections of tuberculous materials into rabbits 
prepared by intradermal injections of bacterial filtrates of ascertained 
skin-preparatory potency (meningococcus, B. typhosus, etc.). The 
materials may be either tuberculin, O.T., preparations of human, 
bovine and human types or culture filtrates of 4 and 9 weeks incuba- 
tion. The failure to elicit reactions with 5 day and 8 week old culture 
filtrates may be due to a natural variation in susceptibility of rabbits. 

After varying intervals of time, i.c. from 1 to 3 weeks, some rabbits 
may become refractory to the phenomenon. It remains to determine 
whether the preparations vary in their ability to induce the refractory 
state. 

(5) Attempts were made to elicit reactions by injection of mixtures 
made in vitro of tuberculous materials with homologous antisera and 
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also bj the intravenous injection of tuberculous material into rabbits 
passively sensitized by previous injection of tuberculous antisera. 
AH the rabbits were prepared with meningococcus and B. typhosus 
“agar washings” filtrates 24 hours prior to the intravenous injection. 
The experiments with in vitro mixtures are summarized in Table V. 

There were also numerous experiments on passive^ sensitized rab- 
bits not recorded here. The antisera were sera of rabbits showing 
reactions in experiments of Table IV; sera of human cases of tuber- 

TABLE v 

Phenomenon of Local Shin Rcacikiiy to B. tuberculosis by the Use of Heterologous 
Bacterial Filtrates for Intradermal Infections and Mixtures of Tuhcrcidous 
Substances viith Antibodies for Intravenous Injections in Normal Rabbits 


Group 

N*o. 

Skin-prepara tory 
iDjection 

Intravenous injection 


Results 

Ingredients of miilnrts 

Dose of 
mixtures 

1 

0.25 cc. T.1838 

Tuberculin 12 

! 

R. Serum 559* 

2 

0/3 

2 

Mg.44B. 

it it 

dilution 1:6 
Tuberculin 12 

“ “ 559 

2 

0/3 

3 

it ti 

dilution 1:4 
Tuberculin 12 

“ “ 577 

2 

3/0 

4 

it it 

dilution 1:6 

<4 it 

“ “ 573 

2 

0/3 

5 

it <1 

it ti 

“ “ 577 

2 


6 

1 < it 

Tuberculin 12 

dilution 1:50 

R. Scrum 577 

2 




dilution 1:10 

1 




• R. = rabbit. 


culosis and tuberculous guinea pigs. With the exception of one 
instance recorded in Table R’’, all the experiments failed. For the 
time being, therefore, it appears that in contradistinction to c.xpcri- 
ments with pneumococcus, passive]}- acquired tuberculous antigen- 
antibody complexes arc incapable of eliciting reactions at the prepared 
skin sites. 


DISCrSSION" AND CONCTLUSIONS 

In this paper there is described the phenomenon of loc.al skin reac- 
tivity to J>. tuberculosis. The skin -preparatory and reacting factors 
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of this phenomenon may be obtained in tuberculin, O.T. However, 
because of their low concentration, it is necessary to inject either in- 
tradermally or intravenously heterologous bacterial filtrates of high 
potency. Thus, advantage is taken of the previously observ^ed 
quantitative reciprocity of the skin-preparatory and reacting factors. 

The skin-preparatory and reacting factors of tuberculin have no 
apparent relation to the tuberculin substances proper, inasmuch as 
standardized tuberculins of New York Board of Health and Seibert 
T.P.T. tuberculin fail to elicit the phenomenon of local skin reactivity 
to B. tuberculosis. The preparations which were potent were made in 
these laboratories by evaporation at 56°C. for 24 to 48 hours. It is 
possible that the skin-preparatory and reacting factors are destroyed 
by the higher temperatures employed for preparation by the Board of 
Health; and also by the Seibert chemical methods for purification. 

The demonstration of certain new toxic substances in tuberculous 
materials seems to be of interest. Experiments are under way in 
order to determine whether the toxic substances can be specifically 
neutralized in a manner similar to meningococcus and B. typhosus 
toxic substances. 

Preparations which fail to elicit reactions on a single intravenous in- 
jection may be able to do so on weekly repeated intravenous injections. 
(A detailed description is given on pages 375 and 376.) There is no 
direct proof as to the underlying mechanism. However, it appears 
possible that it depends on the interaction of the tuberculin with anti- 
bodies actively acquired after repeated injections. This was clearly 
shovm to be the case with active animal proteins and other bacterial 
antigens by passive transfer experiments. 

It appears, therefore, that the observations can be advantageously 
used as a measure of antibody response to tuberculous materials. 
The method is worthy of consideration because of the well known 
difficulties in demonstration of tuberculous antibodies. The observa- 
tions present also an interest from the point of view of problems of 
tuberculin hypersensitiveness. As shown by Baldwin, Zinsser, ct ol, 
(12) the essential prerequisite for elicitation of tuberculin hypersen- 
sitiveness is the presence of a tuberculous focus in the animal tissue, 
produced by live tubercle bacilli and more irregularly by massive doses 
of dead ones. Attempts to elidt this state with tuberculous culture 
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filtrates and tuberculin consistently failed. The experiments de- 
scribed here demonstrate a state of tuberculin hypersensitiveness of 
rabbits obtained vdth tuberculin and bacteria-free culture filtrates in 
the absence of tuberculous fod. The reactions can be elidted provided 
tvro important requirements are fulfilled: (1) The tissues are rendered 
vulnerable through contact vdth certain soluble bacterial filtrates. 
(2) The tuberculin or the tuberculous culture filtrates are injected 
intravenously into immunized rabbits. 

It remains to determine whether the role of an active infection 
necessary for the tuberculin hypersensitiveness consists in the secretion 
of potent soluble preparatorj’’ factors having the properties described. 

As has been seen, injury may be obtained in tissues rendered vul- 
nerable by tuberculous materiak, through the intravascular introduc- 
tion of heterologous bacterial factors. This seems to point to a 
possible influence of secondary infections upon the evolution of tuber- 
culosis and possibly may expiain sudden relapses and exacerbations of 
chronic tuberculosis. It k planned to determine whether prophy- 
lactic irmnunization with the toxic substances derived from secondarj’’ 
organkms may prove bcnefidal in the care of tuberculosis. 

SUSIMARY 

New toxic substances in certain tuberculin, O.T., and B. typhosus 
culture filtrates arc described. These substances are capable of 
eliciting the hemorrhagic necrosis characterktic of the phenomenon of 
local skin reactivity pro\'idcd heterologous bacterial filtrates of high 
potcnc}* arc used cither for the intradermal or the intravenous injec- 
tion. The toxic substances apparently have no relationship to the 
tuberculin substances proper. 

Ihc experiments with inactive preparations also demonstrate in rab- 
bits a state of hj-pcrscnsitivencss to tuberculin, O.T., and bacteria-frcc 
culture filtrates in the absence of tuberculous fod. The reactions arc 
clirited provided the tissues arc rendered x-ulncrablc through contact 
with certain soluble bacterial factors capable of clidting the phenome- 
non of local skin reactivity to bacterial filtrates, and provided the tuber- 
culin or the tulKrculous culture filtrates arc injected intravenously 
into immunired rabbits. 
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GRADING OF LOCAL SKIN REACTRnTY TO BACTERIAL 

FILTRATES 


By GREGORY SHVt'ARTZMAN, M.D. 

{From ike Laboratories of The Mount Sinai Eospilal, New York) 

(Received for publication, December 20, 1934) 

In attempting to define and elucidate the nature of local skin 
reactivity to bacterial filtrates it is of prime importance that methods 
be established for quantitative measurements of the reactivity. Ex- 
periments designed for this purpose and their possible application to 
studies on the relationship of the phenomenon xmder discussion to 
certain reactions of skin hypersensitiveness, are embodied in this 
paper. 


Duration of Local Skin Reactivity to Bacterial Filtrates in Normal 

Rabbits 


In early experiments on the phenomenon of local skin reactivdty* to 
bacterial filtrates it was reported that the state of reactivity disappears 
after 32 hours (1). Filtrates of 6 day old cultures of B. typhosus in 
trv-ptic digest broth were employed. Later in the work, “agar wash- 
ings” filtrates were introduced, inasmuch as they were shown to contain 
to.xic substances of considerabl}’^ higher potenev’ (2). The purpose of 
the work described in this part of the present paper was to study the 
duration of the state of reactivity induced by various preparations. 

1 he skin of normal rabbits was prepared by a single intradcrmal 
injection of 0.25 cc. of B. typhosus or meningococcus culture filtrate, 
and after various intervals of lime bacterial filtrates of ascertained 
reacting jxitcncy were injected intravenously. The results arc sum- 
marised in Table I. 


.N'i is seen from Table I, the state of skin reactivity induced bv 
/). typhosus tiyptic digest broth culture filtrates disappears in -'S hours. 
Skin site> prepared with B. typhosus "agar washings" filtrates retain 
the reactivity for 72 hours but lose it after 96 and 120 hours. Men- 



^34 .00.. sk:« .0 

STarpVhr.us;farr -- - ^o., . 

with B. ,,,w -^rrc-' a 

K nitrates, previously heated at 

table I 

========£S^^^ ^ Reactivity to Bacteria l Filtrates 


Skin-preparntoo- injecUoiu * 


T.1832 B.IVTrt 

» ti ' 

T.1832 B.Ty T, heated 
60°— 1 hr. 

T.1K2 B,-IV T, heated 
100° — 20 min. 


. Material used for Dn., • . 
intravenous injection 


interval 
of time 
between . 
skin-pre- „ , 

paratory |i'“ults 
I and intra- 
I ^STnous 
injection 



t. 1832 B.Ty T,: 


25 reacting units I 
25 “ . ' 




T.1815 B.Ty Tr. 

T.1834 B.TyT, tryptic 
digest broth culture 
filtrate (6 days of 
incubation) 


T.1826 Mg.20745§ 


0.25 cc. T.1832 
B.Ty Tr. 
heated 100°- 
20 min. 

« I. 

T.mSB.TyTr 

“ ti 

T.1834 B.TyTr. 
tryptic digest 
broth culture 
filtrate (6 days j 
incubation) 

«« It 

t. 1832 B.TyTr. 

" It 

It 

T.1826Mg.20745| 


3/0{ 550 
1/2 550 
3/8 - 

2/3 250 


48 

0/3 

250 

48 

3/0 

625 

72 

1/2 

625 

24 

3/0 1 

200 


25 

ff 

t( 

25 

if 

n 

5 25 

it 

ti 

25 

it 

it 

25 

it 

ti 

25 

it 

it 

25 

t( 

it 


48 

0/3 

24 

3/0 

48 

' 1/2 

72 

0/3 

24 

3/0 

48 

2/1 

72 

2/1 

96 

4/6 

120 j 

1/2 , 


+ Ejected intradermally 

T Abbreviation B Tv T riAe;,rT,o* « 

Strain T, cultures. " “Agnates agar washings” filtrates of B. 

indicates the nurLbe^of njat^e raSiUs ° denominator 

number of rabbits used in each grou indicates the total 

cocL cu?trr^°\Ie®s'tl^^^ ^^rates of meningo- 

cerebral spmal jneningitis in this hospital isolated from a case of 
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100°C. for 20 minutes do not react for periods longer than 24 hours. 
Thus, the duration of local skin reactivity depends upon the prepara- 
tion employed, i.e., miCTOorganism, method of preparation, etc. 

As is also seen from Table I, there was determined the number of 
reacting units in the various preparations employed (3). Com- 
parison of the titers with the above described results demonstrates 
clearly a strict parallelism between the reacting potency and the dura- 
tion of reactivity induced. Preparations of low reacting potency 
(B. typhosus, tryptic digest broth culture filtrates and heated “agar 
washings” filtrates, containing 200 and 250 units, respectively) induce 
a state of reactivity of 24 hours duration. In contrast to this, B. 
typhosus “agar washings” filtrates containing 550 and 625 units elicit 
the reactivity for a period of 72 hours. When the intradermal injec- 
tion of a B. typhosus preparation containing 200 units (T. 1834) is 
combined with the intravenous injection of “agar washings” filtrate, 
the reactivity lasts for 48 hours. Meningococcus “agar washings” 
filtrates containing 950 reactmg units produce the most protracted 
state of reacti^^ty (i.e., 96 hours, occasionally 120 hours). 


Duration of Local Skin Reactivity to Antigen-Antibody Complexes 

It was previously reported (4) that the skin sites prepared by bac- 
terial filtrates also undergo severe hemorrhagic necrosis when acted 
upon by toxic principles resulting from intravascular interaction of 
non-toxic antigens (i.e., horse scrum, egg albumin, etc.) with homol- 
ogous antibodies. The interaction can be obtained in one of the 
following ways: by separate intravenous injection of antigen and the 
antibodj'; by intravenous injection of antigen into rabbits possessing 
actively acquired homologous antibodies; by injection of antigen into 
a site prepared by a bacterial filtrate with simultaneous intravenous 
injection of the antibody; and by injection of the antigen into the 
prepared skin area in rabbits possessing actively acquired antibodies. 
In the latter case, there apparently occurs intravascular formation 
of the toxic principles at the site of the locally injected antigen with 
the circulating actively acquired antibodies. 

It was of interest to study the duration of local slun reactivity 
induced by “.agar washings” bacterial filtrates to toxic prir.dp’.cs 
lorr.ud :r; rir.i through antigen-antibody interaction. Experiments 
vcrc carritd out as follows: 
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Rabbits were sensitized by single or repeated intravenous injections of horse 
serum. After various intervals of time indicated in Table U there were made 
single skin-preparatory injections of bacterial filtrates. The test injections of 
horse serum were given either locally into tlic prepared skin site or intravenously. 
The intervals of time between the skin-preparatory^ and test injections varied 
from 24 to 144 hours. When repeated skin-preparatory injections in the same 
rabbits were necessary, various bacterial filtrates were employed in order to avoid 
the acquirement of active immunity to the phenomenon under consideration (5). 
The results of the experiments arc summarized in Table II. 

As is seen from Table II, the reactivity induced by bacterial filtrates 
in horse serum-sensitized rabbits was not longer than in normal rab- 
bits. The state elicited by meningococcus “agar washings” filtrates 
lasted for longer periods of time than tvith similar preparations of 
B. typhosus. It even appeared that the duration was decreased some- 
what by previous sensitization with horse serum, since some groups 
prepared yvith meningococcus “agar washings” filtrates did not react 
96 hours later. Inasmucli as the purpose of the work was to establish 
whether the duration of reactivity was increased by horse serum sen- 
sitization, more detailed investigation of the suggestive shortening 
was not made and, therefore, the question is left open. 

It was also clearly seen that repeated sensitization with horse serum 
(1 to 3 weekly intravenous injections) did not prolong the duration 
of reactivity elicited by bacterial filtrates. 

It is of interest to report the following experiment not recorded 
in Table II. 

Three rabbits received each one intravenous injection of 1 cc. per kilo of body 
weight of normal horse serum. 48 hours later, 0.25 cc. of B. typhosus ^ agar 
washings” filtrates was given intradermally^ 120 hours later tlie skin site injected 
with the B. typhosus filtrate and one unprepared skin site w'ere each injected 
with O.S cc. of undiluted horse serum. The latter procedure was repeated four 
times. Following the first, second and third intraderm.al injections of norma 

horse serum into the sites prepared with bacterial filtrates marked hemorrhagic 

and necrotic lesions were obtained. No reactions were obtained from the injection 
of horse serum into unprepared sites. Following the fourth injection of horse 
serum, hemorrhagic necrosis appeared in all the horse serum-injected sites, v nc ’ 
obviously were reactions of the Arthus phenomenon. 

It is plain that the reactions obtained in the sites prepared by bac- 
terial filtrates are elicited in rabbits before they become sensitive to 
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the Arthus phenomenon. The preparation with the bacterial filtrates 
by no means accelerates the process of sensitization to this phe- 
nomenon. Once the Arthus sensitization is obtained, the previous 
preparation by bacterial filtrates seemingly does not enhance the 
severity of the reactions. 

Quantitative Measurements of Local Skin Reactivity of Normal and 
Horse Scrum-Sensitized Rabbits 

In previous experiments (2) the titration of the skin-preparatory 
potency of the filtrates was made as follows: 

From four to six skin sites of rabbits were injected simultaneously with rarious 
dUutions of the filtrate tested. 24 hours later the rabbits received a single intra- 
dermal injection of a given amount of the filtrate. The experiment was repeated 
several times and the average minimal amount of the filtrate necessary for skin 
preparation was computed. In view of the previously recorded quantitative 
reciprocal relation existing between the skin-preparatory and reacting doses, it 
was necessary to inject large amounts of the filtrate intravenously in order to 
obtain reactions in several prepared skin sites. The injection of large amounts 
was troublesome because of the high mortality induced. 

In the experiments described below, only one skin site was prepared. Each 
group of the rabbits tested received a different dilution of the filtrate. The 
intravenous dose was kept constant. 

As is seen from Table III, the titrations of skin-preparatorj^ factors 
of B. typhostis “agar washings” filtrates were tested in normal and 
horse serum-sensitized rabbits. The sensitization was accomplished 
by the intravenous injection of horse serum in a dose of 1 cc. per kilo 
of body weight. The injections were repeated until severe reactions 
appeared at skin sites prepared by bacterial filtrates 4 to 5 hours after 
the intravenous injection of the horse serum. Most of the rabbits 
acquired this sensitization 1 week after the first intravenous injection 
of horse serum. In some rabbits, two horse serum injections were 
required. 

As is seen from the experiments summarized in Table HI, dilutions 
of “agar washings” filtrates as high as 1:200 were able to elicit the 
state of reactivity in normal rabbits, provided 5 to 25 reacting units 
were injected intravenously. In horse serum-sensitive rabbits strong 
reactions were obtained by skin-preparatory injections of dilutions 
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and B. lyphosics “agar -washings” filtrates pre^^ously heated in the 
Arnold sterilizer for 20 minutes. 

Comparative titrations of the preparations employed demonstrate 
that the duration of reacti-vity is in direct relationship to the reacting 
potency. 

It is also sho-wn that the skin-preparatory potency of the filtrates 
and the duration of the ensuing local reacti-vit^' are not modified by 
cellular anaphylactic sensitization (Arthus phenomenon) to animal 
proteins. 

The exposure of tissues to the effect of certain soluble bacterial 
factors induces a high susceptibility to humoral toxic principles result- 
ing from intravascular antigen-antibody interaction. 
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Variations in the colony morphology of pathogenic 
observed many years ago, but it was not until the wor ' o ^ 'wng 
(1, 3, 8), De Kruif (2, 4, 5), and Northrop and De Krmf (6, /) that \h 
significance of these variations began to be apparent. mce en, 
chemo-immunological studies of Avery and his associates (9-14) have 
demonstrated the urgent need of a clearer understan ”8 ® e p e 
nomcna associated with differences in the colony form o ac ena. 
/\s result of studies on dissociation these facts are now evident: In tne 
case of many pathogenic bacteria two principal colony t>T>es can e 
differentiated. Virulence is usuaUy associated with the smooth or 
mucoid forms, whereas the rough or granular forms are of egm e 
virulence. Inununologic specificity is usually associated wit e 
smooth form, the rough forms shovring only group antigenic com 
ponents. Since the smooth or mucoid forms arc the normal 
the S — » R change represents a variation knov-Ti to be correlated va 

a loss of virulence and antigenic specificity . 

.\Uhough differences in the colony form of tubercle bacilli ha\c been 
recognized and associated with differences in virulence, non-granular 
smooth or mucoid colonics of human tubercle bacilli have not pre- 
viously lx:cn obseri’cd. 


IV.mf! ind h -5 assodates were the first to study the di^odauon of tuberde 
liscuU. Thr>' demor.stnitevl two or more ts^pcs ol colonies in cuUur« of human 
(15. tS, 19, :T). atier.uatcvi bovine (BCG) (16, 17), virulent bodne (IS, 19), and 
av'un tubercle biciUi (lS-20). Four colony tv^pcs were diEerentiated and stabu- 
L-ed in the ca'e o! ll.e avian bacilU. These were deir.cnatrd S, IS, R. and Ch. 
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The first two were higlily virulent; the latter two relatively avirulent. The S and 
R forms closely resemble the corresponding forms of other bacterial species. In 
the case of the virulent bovine and the BCG strains the colony forms designated 
S also showed greater virulence than those designated R. The colonies of vinilent 
boNune bacilli designated S resembled the corresponding S forms of other bacteria. 
Greater difficulty was encountered in studjdng human strains. In a preliminai}’ 
report PetrofI demonstrated (17, Plate I) rounded, shiny colonies of human tuber- 
cle bacilli freshly isolated from sputum. These colonies, when planted in fluid 
media, grew diffusely. The virulence was not reported. In later studies (18, 19, 
27), however, the colonies designated as S were low, spreading, granular, with 
somewhat irregular borders (27, Figs. 3 and 4). They were more easily suspensible 
than the R forms and sharp differences in %Trulence, such as were obser\"ed with 
avian bacilli, were also reported. The authors state (27) that “The decrease in 
virulence of the H-37 R, wffien compared with the parent culture, is more notable 
than the increase in virulence of the S.” Since the S forms of BCG, and especially 
of human bacilli, did not resemble the S forms of other bacteria, the designations 
S and R were appUed, not to indicate the appearance of tlie colonies but rather 
to indicate the reaction to environment; namely, sensitive and resistant (2/, 
footnote 2). 

Further e.\tensive investigations of dissociation of tubercle bacilli have been 
made by Reed and his associates. They adopted the terminolog>f proposed by 
Petroff. In an early study (21), they observed S and R forms in a culture of pre- 
sumably bovine origin. Neither was virulent. Soon, however, they e.^tended 
their own and Petroff’s obser\’’ations to demonstrate (22) a correlation between 
colony structure, acid agglutination, and virulence. Again the S colom'es illus- 
trated in the plates were granular, although more virulent than the R forms (22, 
Plate I, Figs. 8, 9, 10). Rice (23) next used the complement fi.xation reaction 
witli antigens from S and R variants, and antisera against each, to study the 
antigenic relationships. The S forms proved to be superior to the R as antigens. 
Antisera against S forms contained S specific antibodies, whereas R antisera did 
not. In subsequent reports (24, 25) these observations were extended and anah'ses 
made of the sera of tuberculous human beings using S and R antigens and cor- 
relating these results with the colony t 3 'pes of tubercle baciUi isolated from the 
sputum of each individual case (25). 

In reviewing the work of these and other investigators who have 
studied the t 5 ^es of colonies occurring in cultures of human tuberde 
bacilli, it was apparent that the colonies designated S were in no wise 
similar in appearance to the mucoid or smooth forms of other patlio- 
genic bacteria. (See Petroff (27) Figs. 3 and 4; and Reed and Rice 
(22) Plate I, Figs. 8, 9, 10.) However, these colonies do resemble the 
FS type of avian bacilli shown by Winn and Petroff (20, Plate XIR, 
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Three general types of colonies were obser\’’ed and each was present 
in cultures of every strain studied. They may be described as follows: 

1. Rounded, glossy, hemispherical or sometimes broad and low, 
margin entire, no tendency to spread, moist and non-granular, easily 
suspended in saline. This type was designated S, indicating smooth 
(Figs. 1 and 2). 


TABLE I 

The Number of Smooth, Intermediate, and Rough Colonies of Buman Tubercle Bacilli 
in Primary Cultures, and the Source and M anner of Isolation of Each Strain 


Strain of bacilli 

Source 

Manner of 
isolation 

Number of colonies’ 

Smooth 

Intcrtaedi- 

ate 

Roush 

Thompson 

Psoas abscess 

Direct 

250 ■ 

974 

936 

Kilty 

Tuberculous wrist 

Direct 

100 



3104 

Tuberculous knee 

Direct 

12 

7 

1 

3103 

Monkey spleen 

Direct 

940 

258 

2 

3421 

Spinal fluid 

Indirect 

10 

275 

120 

3422 

Spinal fluid 

! Indirect 

813 

249 

64 

MR 

Tuberculous abscess 

Indirect 

1,955 

8,834 

2,311 


spine 





BeUf 

Sputum 

Indirect 

65 

2,020 

366 

Burroughs 

Sputum 

Direct and 

61 

945 

444 



indirect 




Total, non-sputum strains 


4,080 

10,597 

3,434 

Total, sputum strains 


126 

2,965 

mm 


* Growth recorded as scant (1 to 5 colonies), fair (6 to 20 colonies), good (21 to 
100 colonies), and excellent (101 to 1,000 colonies) per culture. Estimates were 
made of the per cent of each type in each culture. The per cent multiplied by i 
20, 100, or 1,000 gave the figure recorded. Example: 50 per cent, growth fair 
(0.50 X 20 = 10). Any one figure in the table may be a composite for any number 

of cultures. . . 

t These cultures not primary isolations but from a guinea pig inoculated im 
second cultural generation. 

2, Broad, spreading, flat, finely granular, moist or dry, center often 
elevated, margin more or less irregular, rather easily suspended in 
saline. This type was designated I, indicating intermediate, and is 
similar to or identical with the type heretofore designated S (Fig- 
3, B). 

3. Coarsely granular, WTinkled, dry colonies of irregular contour. 
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rising sharply from the medium but adhering to its surface, suspensible 
in saline vrith difficulty. This form was designated R (Fig. 3, C). 

The observations of the cultures made in primary' isolations of seven 
strains of tubercle bacilli from sources other than sputum and of two 
strains from sputum are recorded in Tables I and II. 

Table I presents the data on the source of each culture with an 
approximation of the whole number of colonies of each type present 
in all of the primary cultures of each strain. Table H is a composite 
of the data presented in Table I and shows the per cent of each type of 
colonies present in primary cultures of sputum and non-sputum strains. 
Tables I and II show that the incidence of smooth colonies in the 
cultures was far lower in the sputum strains than in the strains from 
other sources (mth only one exception, Strain 3421). Strains Kilty 


TABLE n 


Tke Number and Per Cent cj Various Types of Colonies of TubercJe Bacilli in Cultures 
Freshly Isolated from Sputum and from Other Sources, Summary of Data, Table I 


Sources orgxcisn 

Ko. of 

No. of 
cultures 
pos:tisT 

Na ct 

Per ctut cf rate 

stnics 

cotoeles 

Totz)' 


IS5II 

Tissue otiicr than sputum 


45 

QRQI 

22 5 

5S 5 

Sputum 

2 

27 

3.2 

76.0 


• Sec foolnote (*) Table I. 


3103 and 3422 (Fig. 2) showed the highest per cent of smooth colonies, 
namely, 100, 78, and 72 per cent. The figures for the latter two strains 
arc more significant as they include a greater number of cultures. 
All of the strains considered in the tables, except Nos. 3421, 3422, and 
Burroughs, have been classified definitely as human strains by viru- 
lence tc.«ts in guinea pigs and rabbits. The differences noted in colony 
forms of sputum strains, as compared to non-sputum strains, cannot 
therefore lx; charged to differences in the type of organisms. It must 
be stated, however, that cultures predominantly smootli may \>c ol>- 
bamed on subcultivation of strains isolated from sputum (Fig. 4). It 
i"; therefore dear that freshly isolated tubercle badlli fro.m sources 
o, !rr than sputum do grow in colonics which conform in appearance 
to t le S forms of oth.er pathogenic bacteria. 
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The role of culture media and of methods of avoiding contaminations 
will be discussed in the following section. 


Second Experimeni 


Material and Methods. — ^Each of eight human and eleven bovine strains of 
tubercle bacilli were inoculated intravenously into two rabbits and subcutaneousl)' 
into two guinea pigs, a total of thirty-eight rabbits and thirty-eight guinea pigs. 
Cultures of the same age, grown on Corper’s (28) egg }’olk glycerine medium, or on 
Petroff’s egg gentian violet medium were employed. The inoculating dose for each 
animal, both rabbits and guinea pigs, was 0.1 mg. of moist bacilli. Of the animals 
receiving human strains, one rabbit and one guinea pig were sacrificed at 30 and 
one at 60 days. Of tire animals receiving bovine strains, one rabbit and one 
guinea pig were sacrificed at 30 da 5 's. The spleen or femoral bone marrow, or 
both, were removed aseptically and placed in sterile containers. Cultures were 
made as described in the previous c.vperiment, from untreated, acid-treated, and 
alkali-treated tissue suspensions. The three portions of suspension were each 
seeded on at least three media whicli included (1) Petroff’s gentian violet egg, (2) 
Corper’s (28), and one or more of the following: (3) Petroff’s medium with 0.25 
per cent sodium taurocholate. (4) Egg yolk 30 per cent; glycerine 6 per cent; 
Fairchild’s aminopeptone 2 per cent; w'ater q.s. (5) Egg yolk 30 per cent; glycerine 
6 per cent; calf spleen infusion 30 per cent; water q.s. (6) Petroff’s medium 
without gentian violet. For the purpose of evaluating media and for studjmg 
individual colonies the inoculum was made quite dilute, as suggested by Corper 


and Cohn (28). 

Cultures w'ere examined periodically and finally, after 4 months’ incubation, 
as in the previous experiment. The results described below as to tjpes of colonies 
noted are the final results, as it w’as observed that the type of colony oftentimes 
changed with prolonged incubation. For instance, at 3 weeks some of the cultures 
showed a number of small colonies having the appearance of tin}’’ droplets of 
cream. In a few instances some of these colonies became granular when incubated 
longer. Only the final appearance is considered therefore. Contaminated cul- 
tures were discarded and not considered in the computation of results. Needless 
to say, the greater number of these were in the cultures from tissues which were 
not treated with acid or alkali. A number of cultures showed no growth. 


Two of the human strains used in this experiment were not included in the first 
experiment. They’ were (1) the H-37 strain isolated at Saranac in 1905 by Dr. 
E. R. Baldwin and obtained several years ago through the generosity of Dr. S. A. 
Petroff, and (2) a strain designated “Jamaica” isolated in November, 1933, from a 
Jamaican native and obtained through the courtesy of Dr. J. Freund, of Come 
University Medical School. The eleven bovine strains were all, save one, isol^™ 
by Dr. Theobald Smith, through whose munificence they were obtained. The 
other bovine strain was isolated by Ravenel and w’as supplied by Dr. E. R. Long, 
of the Phipps Institute. Each of the human strains produced progressive tubercu- 
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develops. In the cultures of bovine strains from tissue treated wil 
NaOH, 46 per cent of the positive cultures showed smooth colonie 
of the H 2 S 04 -treated, 54 per cent; and of the untreated, 63 per cen 
In the cultures of human bacilli from tissue treated with NaOH, 3 
per cent of the positive cultures showed smooth colonies; \vith HjSO^ 
35 per cent, and the untreated showed 61 per cent, differences whid 
we believe to be liighly significant. NaOH seemed in each instance 
to have a slightly greater tendency against the development of smooth 
colonies than did HjSOh. In the elimination of contaminating organ- 
isms NaOH and HiS 04 appeared to be equally efficient. 

From the above results it is evident that virulent cultures of tuberde 
baciUi of either bovine or human origin, after animal passage and re- 
isolation, show a considerable number of rounded, shiny, non-granular 
colonies, that these colonies are most numerous in cultures of greatest 
virulence, and that NaOH and H 2 SO 4 treatment is not condudve to 
formation of S colonies. The significance of the presence of smooth 
colonies in cultures of low virulence remains to be determined. 

Third Experiment 

Material and Methods . — Strains ICilty and MR, used in Experiment 1, were 
used for additional studies. In the initial transplants only smooth or intermediate 
colonies were transferred. The subcultures grew predominantly as intermediate 
colonies, that is, low, flat, somewhat spreading, veiled, and finely granular, but 
there were also a moderate number of smooth colonies. 

The first subculture of Strain MR was grown on egg yolk 30 per cent, glyceime 
6 per cent, peptone 2 per cent (Formula 4). After 1 15 days’ incubation, a portion 
of the growth was emulsified in saline and seeded on the surface of Corper's medium 
which had been adjusted by the addition of n/1 NaHCOs to pH 6.4, 6.7, 7.0, and 
7.4. The original pH of two lots of this medium before adjusting was 6.15 and 6.2. 
These cultures were made in triplicate or quadruplicate. The inoculum was made 
quite dilute so that the individual colonies could be studied. The pH detemuna- 
tions were made by the glass electrode method through the courtesy of Dr. D. A. 
Macinnes, by Dr. L. G. Longsworth. 

In attempting to adjust the pH to the desired values, n/1 NaOH was 
added to two portions of the medium. It was noted that immediate coagulation 
of the medium occurred on introducing alkali, making small masses of solid in the 
surrounding liquid. It was obvious that the coagulated and fluid portions 
have different pH values. The contents of these two flasks were then filtered 
through fine, sterile cheese-cloth to remove the coagulated material and the four 
lots of medium were adjusted to the desired value by adding small amounts of N/ 
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NaHCOj. After the appropriate adjustments had been made, the medium -svas 
inspissated in the usual manner in pint Blake bottles. After inspissadon the pH 
of two lots of the medium was determined. It was found that the medium to which 


TABLE V 


Grovth of Freshly Isolated Human Tubercle Bacilli in Blahe Bottles of Carper's 
Medium Adjusted to Four Different pH Values 



Corpei’s jncdiim, 400 cc. lots 


CuUert Kos. 

w. C 

:=o 

a-J 

Eo 

are. 

w* ^ 

z 

il 

*3 2 
'Z 

h 

Sc 

Cm 

{u. 

K 

e. 

C 

IJ 

sS 

C. 

Obsemtioss on ciJlQrea 

MR 

85, 86, 87, 88 

u. 

Ko 

6.15 

u. 

2.5 

6.4 

6.5 

Total growth abundant. Colonies 95 
per cent S. 3 to 8 mm. in diam- 
eter, rounded, margin entire, shiny, 
moist, and non-granular. White 

MR 

89, 90,91,92 

No I 

6.20 

7.0 

1 

6.7 

Not deter- 
mined; 
probably 
about 7.0 

Growth K as abundant as above. 
Colonies 0.5 to 7 mm. in diameter. 
Three t>'pcs of colonics. (1) Same 
as above 50 per cent; (2) small, drj’, 
granular, wrinkled, irregular in con- 
tour (R) 20 per cent; (3) low, finely 
granular, veiled (mtermediaie) 30 
per cent 

MR 

W, 94, 95, 96 

2 

O.K 

>14.5 

7.C 

8 0 

li as much growth as 69 to 92. Colo- 
nics 0.5 to 2 mm. in diameter. Of 
sane appearance as (2) above (R) 
and (3) above Cmtermediite) 

MR 

97. 9!. 99 

A 

! 

IT 0 

{ 

: 8( 

) 

>7: 

1 

'i Not detcr- 
i mired, 
prolab!}- 
1 about 7.9 

I bparv: growth. Colorie.' 0..' to 2 mm 

1 in diameter, bmall. dty, grar.uhr, 
irregular in outline as (2) above {R1 
i and (3) a'los-e rmte.-mediate) 


b!'i ad lei ih.r qus.ni-y ol NaHCOa had cha.-.rtd m pH to f 0. The 

f t to ^hic.h been added the Ics,!*. XaHCOj. had cha.nrei c-iv 

T’Thtlv. r..-.rr.-'v. ,o pH (. 5 (Table \n. 
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The pint Blake bottles were incubated on a slightly inclined plane, so that 
water of condensation would collect at one end. The medium was placed down- 
ward, so that the bacilli grew above tlie surface of the medium. The bottles ^Yere 
sealed with cellophane caps. 

Marked differences were noted both in the amount of growth and the types of 
colonies which appeared in the four groups of cultures. Growth was luxuriant at 
6.5, somewhat less so in the next scries, and much less vigorous on the alkaline 
medium. At pH 6.5 the colonics were large, white, round in contour, flattened with 
convex surface, shiny, and non-granular (smooth). In the cultures adjusted to 
pH 6.7 (after inspissation about 7.0) the colonies were beautifully dissociated, 
about half being of the S form, as in the preceding group, and the remainder being 
dry, granular, and irregular in contour (intermediate and rough). In the cultures 
adjusted before inspissation to pH 7.0 and 7.3, the growth was much less luxuriant 
and only the intermediate and rough t3'pes of colonies were seen. For details see 
Table V. 

The second serial subcultures of the freshly isolated Kilty (human) strain w'ere 
grown on tubes of Petroff’s gentian violet egg media. These cultures showed only 
finely granular, spreading (intermediate) colony forms. After 56 days’ incubation 
dilute suspensions of the organisms were made and seeded on the surface of media 
in pint Blake bottles. The use of Blake bottles affords a large surface for growth 
so that many colonies may be studied, the moisture is better retamed in the media 
than in Petri dishes, and the organisms are furnished a relatively large volume of 
air during growth. In this experiment 98 cultures were made on the foUowmg 
media formulae: (a) Corper’s egg yolk-glycerine medium, (b) Medium A plus 2 per 
cent Fairchild’s aminopeptone. (c) Medium A plusScc. n /1 NaHCOa per liter. 
The bottles were sealed with cellophane and incubated in the manner described 
for the cultures of Strain MR. 

Sharp and striking differences in the colony morphology of organ- 
isms grown on the three media were noted. On standard Corper 
formula (twenty-two cultures) the growth was abundant and consis- 
ted of three principal types of colonies, as described in Experiment 1. 
It must be noted, however, that the smooth colonies were all small, 
rounded, and none exceeded 4 mm. in diameter. These smooth 
colonies constituted not more than 15 per cent of the total, the remain- 
ing 85 per cent or more being of the intermediate and rough forms 
(see Figs. 8 and 9). In the cultures (ten bottles) on Corper’s formula, 
to which had been added 2 per cent Fairchild’s peptone, the smooth 
colonies constituted about 65 per cent of the growth. These smooth 
colonies ranged in size from 2 to 7 mm. in diameter, were moist and 
shining, and showed a pale yellow-green color, the significance of 
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v;hich is, as yet, undetermined. The remainmg 3o per cent of colomes 
were of the intermediate and rough forms. Sixty-five cultu^ on 
Corper’s formula to v^hich was added sodium bicarbonate, also showed 
about 65 per cent smooth and 35 per cent mtermediate and ro^h 
colonies. In these, however, the colonies were non-pigmented. The 
smooth colonies ranged up to 8 mm. in diameter and were ve^ moist. 
At 30 days some were so mucoid that they would flow slowly across 
the medium when the surface of the latter was sharply indmed On 
aging (and drying) these colonies lost some of their luster and showed 
a very fine structure (Figs. 10 and 11). These smooth colomes 
could be suspended uniformly and with ease in saline.^ 

Additional experiments are in progress to determine (1) wheth^ 
various strains and types of tubercle bacilli show an optimum pH 
for development of S colonies; (2) the significance of S colomes in 
virulent and less virulent strains; and (3) the antigenic relationships 
of S and other colony variants. 


DISCtJSSION 

The observations of this study differ from those made by previous 
workers investigating phenomena of dissociation in cultures of tubercle 
bacilli, in that colony forms have been recognized which resemble in 
appearance the smooth forms of other bacteria. The smooth colonics 
were first obtained in cultures freshly isolated from sources other 
than sputum. They were most numerous when the inoculum for the 
culture had not been treated with add or alkali. Preliminarv' ob- 
servations indicate that the pH of the media on which freshly isolated 
non-sputum strains of tubercle bacilli arc groim may be an impor- 
tant factor in determining the form of colonies which develop. Cer- 
tain media seem also to be more fa.vorablc for the formation of smooth 
colonics than do others. In regard to the apparent influence of pep- 
tone toward the formation of smooth colonics (third cxp>erimcnt), it 
must be noted that this is possibly an effect only of pH. The peptone 
solution added to the medium is alkaline and the effect of wca.k alkali 
in the same basic medium was similar to that of peptone. 

I’.arallcl virulence tests with smooth, intermediate, and rough vari- 
anl'i have not l^.m completctl. Nevertheless, it was noted that 
ftr.ain'- of high vindence show a high per cent of smooth colonics, 
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and that in strains of less virulence otlier t 3 rpes of colonies predominate. 
This observation is similar to that of Dawson and Olmstead (29) in tlie 
case of streptococci. It must be added, however, that all strains 
showing smooth colonies are not necessarily of high virulence. It will 
be shown elsewhere that in the case of two non-chromogenic strains 
of avian tubercle bacilli, each of w4uch produces only smooth colonies, 
one is virulent while the other is relatively avirulent. 

The full significance of such observations as those described in tlie 
present study must be determined by further investigation. How- 
ever, it is believed that the normal colony form for fully virulent 
tubercle badlli of mammalian origin, under tlie most favorable circum- 
stances, is smooth. Moreover, it is beheved that environment un- 
favorable to the organisms, whether fw vivo or in vitro, tends toward the 
development of finely and then more coarsely granular colonies, with 
attendant changes in virulence and antigenic structure. Again 
these observations and considerations differ from those of others in 
that smooth colonies are recognized which have heretofore not been 
observed, or have been regarded as of little significance.- 

SUMMARY 

1. Smooth, round, shiny, non-granular, and non-spreading colonies 
have been observed in cultures of virulent tubercle bacilli freshly 
isolated from eight human sources other than sputum. The classifica- 
tion of six of these strains as of human type was established by inocula- 
tion into rabbits and guinea pigs. 

2. The 3 per cent NaOH or 6 per cent HiSOi frequently used in the 
isolation of tubercle bacilli are definitely unfavorable to the develop- 
ment of smooth colonies. 

3. It was observed that smooth colonies are produced in greater 
number when the pH of the medium (Corper’s egg yolk-glycerine) is 
adjusted to a point near to but slightly on the acid side of neutral. 

- While the present work was in progress a preliminary communication by 
Alexander (30) appeared, in which the author obtained smooth, convex, glistening 
colonies of human tubercle bacilli on Bordet-Gengou medium modified by the 
addition of 0.0004 per cent ferric chloride. The writer mentioned that there were 
differences in the lesions produced by the R and S forms, and that the S forms were 
somewhat more virulent. Details of this work have not yet appeared. 
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EXrL.\NATION OF PL.ATES 
Plate 15 

I'la. 1. ?rr.cx>’.h colonies of human tubercle bacilli: Strain MR Lsouited from a 
pj.tirnt nl;h a tul>erculous abscess of the spine. .Age of culture 219 da\-s. X 8-5. 

Fir.. 2, Smooth colonies of tubercle badlli: Stram 3422 bobted from the spi.nal 
t'ui'l of an r.dult vith tul)ercjlousmeninpitb. .Age of culture 91 days. X 8.5. 

Ft-"., 3. .1. !m-*:;th; B, intermedbte; and C, rough colonies of a stmb (Bur- 
ti'ughs'i frr'hlv iv''b',c-i from sputum. .Age of culture 72 days. X 8.5. 
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Fig. 4. Smooth colonics of a strain of human tubercle bacilli recently isolated 
from sputum. Second subculture after animal passage. Corper’s medium. 
Age of culture 101 days. X 8.5. 

Fig. S. Smootli colonics of boadne tubercle bacilli: Strain 36 re-isolated from tlie 
spleen of a rabbit after intravenous inoculation. Age of culture 119 daj's. X S.5. 

Fig. 6. Smooth colonics of bovine tubercle bacilli: Strain 39 re-isolated from 
the spleen of a rabbit after intravenous inoculation. Age of culture 119 days. 
X 8.5. 


PlATE 16 

Fig. 7. Smooth colonies of bovine tubercle bacilli: Strain 40 re-isolated from 
the spleen of a rabbit after intravenous inoculation. Age of culture 119 daj’s. 
X 8.5. 

Fig. 8. Growth of human tubercle bacillus, Strain Kilt}", on Corper’s medium. 
Colonies granular. Age of culture 129 days. X 8.5. 

Fig. 9. Another field from the same culture as Fig. 8, showing A , intermediate, 
and B, rough colonies. X 8.5. 

Fig. 10, Smooth colonies. Kilty (human) strain, on Corper’s medium plus 3 ca 
N/1 NaHCOa per liter. Seeded from same suspension as cultures in Figs. 8 and 9. 
Age 129 days. X 5. 

Fig. 11. Another field, same culture as in Fig. 10. X 8.5. 

In order to make photographs of these cultures they were removed from the 
containers and placed in Petri dishes, the covers of which were replaced by plate 
glass. Photographed on horizontal stage with 75 mm. lens, diaphragm 8 mm. 
Wratten and Wainwright, hi plate. Pointolite with aspheric condenser. 
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EXPERIMENTAL STUDIES ON ENCEPHALITIS 

n. The Specific Virus Character of the Infectious Agent from 
Cases of St. Louis and Kansas City Enceph-aeitis, 1933 

By LESLIE T. W'EBSTER, M.D., akd GEORGE L. FITE, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research^ 

(Received for publication, December 18, 1934) 

In previous papers (1, 2) y,-e have described the successful trans- 
mission of encephalitis to mice by injecting them with brain tissue 
from fatal cases from the St. Louis and Kansas City epidemic of 1933. 
The infective material proved free from ordinaiy' microorganisms and 
remained infective for about 32 da}rs when preserved in 50 per cent 
glycerin (2). Further properties now to be described indicate that 
the agent is a filtrable virus probably different from any hitherto 
known. 


Filtrahility 

We have reported that the agent readily traverses Bcrkefeld V and 
N candles (1). The following test demonstrates its passage through 
Seitz pads in high dilution without appreciable loss. 

Experiment I . — Brains from two mice prostrate 4 da>’S after an intracerebral 
injection of infective mouse brain, Strain 3, were removed, weighed, ground with 
alundum, and diluted one part by weight to ten parts by volume with Bauer’s 
fluid composed of equal parts of distilled water, pneumococcus broth, pH 7.8, and 
sterile a-sdlic fluid (3). This emulsion was centrifuged at low speed for 10 minutes 
and 1 cc. of supernatant fluid was combined with further diluent to secure fmal 
brain virus concentrations of lO'^, 10"*, lO'*, and 10~‘ gm. 3 cc. portions of each 
dilution were then filtered simultaneously at 30 pounds pressure through Sdtn 
p.ads which had been satisfied previously with 10 cc. of pneumococcus broth at 
15 jxiunds pressure. The filtcrcsl and unfiltcred portion.s of each dilution were 
then injected intracwcbrally in 0.03 cc. .amounts into four Swis.s mire. The dura- 
tion cf life of the injected aninaals was noted in dot's. 

llic rcsult-s of the test arc shown In Table I. Both unfiltcred and 
filtered six-dmcns in dilutions of 10-« to 10"^ inclusive killed all mice. 
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In the lO"’' dilution the unfiltered specimen killed all four mice after 
a considerable delay, while the filtered specimen killed two of four 
mice. All mice receiving unfiltered and filtered specimens in dilution 
of 10“® survived. This close approximation of the titer of the filtered 
and unfiltered mouse brain extract in high dilution has been observed 
repeatedly. 

To determine the minimum average pore size of filters permitting . 
passage of the virus, tests were made with graded collodion mem- 
branes according to the general method of Elford (4). With the help 
of Dr. J. H. Bauer, who prepared and calibrated the membranes and 
filtered the suspensions of virus, nine tests with twenty-five mem- 
branes of different porosities were made. The results, tabulated else- 
where, show that membranes with average pore diameters of 66 m^ 

TABLE I 


Filtration of Small Quantities of Encephalitis Virus, Strain 3, through Seitz Pads 



Dose 0.03 cc. intracciebrally in dilutions 

Virus Strain 3 

io-‘ 

J0-* 

10-^ 

io-» 

10-® 


Duration of life 

Unfiltered 1 

days 

5, 5, 6, 6 

Says 

5. 5. 5. 6 

5. 6. 6. 6 

days 

6, 6, S, 8 j 
6, 8, 8) S 1 

m 


Filtered. | 

5, 6, 8, 8 




S = survived and -well, 21 days. 


or greater permit passage of the virus, while those with 62.5 mp 
average pore diameter or less do not permit passage of the virus (5). 
These findings have since been confirmed by Elford and Perdrau (6). 
The technique and protocol of one of the nine tests are given below. 

Experiment 2, Test 7, Jan. IS, 1934. — ^Five brains from mice prostrate 4 days 
after an intracerebral injection of virus, Strain 3, were removed, emulsified with 
abrasive, and suspended in Bauer’s diluent consisting of ascitic fluid, 35 cc., hor- 
mone broth, 35 cc., and distilled water, 30 cc. The suspension was centrifuged 
30 minutes at 3,000 r.v.m. The supernatant fluid was filtered first through a 
Seitz pad and then through a collodion membrane. No. 166, with average pore 
diameter of 260 mp. Eight portions of this stock filtrate were then each passed 
through one of a graded series of membranes with average pore diameters ranging 
from 90.8 to 54.4 mp under a pressure of 100 cm. of mercurJ^ The membrane 
filtrates together with the stock filtrate further diluted to 10~^ 10“'^, 
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10“® were each injected intracerebrally in 0.03 cc. quantities into six Swiss and six 
Rockland mice. The mice were observed 21 days and the survival times recorded 
in da>s. 

The result of this titration is recorded in Table II. The stock 
filtrate in each of the dilutions 10~’, 10“^, and 10~* killed eleven of 
twelve mice and killed three of twelve mice in the 10“® dilution. The 
stock filtrate put through membranes with average pore diameters of 
90.8, 82.6, 71.2, 67.0, and 66.1 m/x inclusive killed all mice, but put 
through membranes with average pore diameters of 57, 54.8, and 51.8 


TABLE n 


FiUralxon of Encepkalitis Virus, Strain 3, through Graded Collodion Membranes, 
Experiment 7, Jan. 8, 1934 


No. of 
nra. 
IflRC 

Avtriffc 

..pore 

ducaelcr 

Dcriticn of life 

Swiss inice 

Rocklicd nucc 


nn 


dsyT 

160 

200 

5, 5, 6, 6, 6, 6 (dilution 10“’) 

5, S, 6, 7, 8, S (dilution 10”’) 

166 

260 

6,6,6,6,7,S( “ 10-<) 

6, 6, 6, 7, 7, 9 ( “ 10-*) 

166 

260 

6, 6, 7, 7, 7, 8 ( » lO-*) 

6, 6, 7, 7, 8, S ( “ 10-*) 

166 

260 

7,7,S,S,S,S( “ 10-^) 

8,S,S,S,S,S( " 10-*) 

mm 

90.8 

4, 5, 5, 5, 6, 6 

5, 5, 6, C, 6, 7 


82.6 

'^1 5| ^1 6 

5, 5, 5, 6, 6, 7 

■I 

71.2 

5, 5, 6, 6, 7, 7 

6, 6, 7, 7,7,8 


67.0 

5, 5, 5, 5, 6, 6 

5, 5, 5, 6, 6, 6 


66.1 

6, 6, 6, 6, 6, 7 

5, 6, 6, 7, 7, 7 


57 

.Ml remained well 

.Ml remained well 


54.8 

ti <( 

<( (( (I 


51.8 

*• << 

*t it Cl 


S - survived and well, 21 days. 


mp failed to kill. This one c.xperiment indicates that virus traverses 
membranes with average pore size of 66 m/x or greater and is held back 
membranes with 57 m;x average pore size or less. 


Mice. 
br.illy a 


Susceptibility of Ar.irr.als to Encephalitis Tfrar 

-Mice are highly susceptible to the vinx.^ given intraccrc- 
sl’.own by the following titrations. 


... lir:;-. of tv^o mice prostrate 4 daj-s after ir.tracrrcbra! ir,'~-ti 
. ,.a.r. Ticrc removed, v.e;rhr-i. err.u.-e.c-! v itf; af.ra ivf 
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In tlie 10~’' dilution the unfiltcred specimen killed all four mice after 
a considerable delay, while the filtered specimen killed two of four 
mice. All mice receiving unfiltered and filtered specimens in dilution 
of 10“® survived. This close approximation of the titer of the filtered 
and unfiltered mouse brain extract in high dilution has been observed 
repeatedly. 

To determine the minimum average pore size of filters permitting . 
passage of the virus, tests were made with graded collodion mem- 
branes according to the general method of Elford (4). With the help 
of Dr. J. H. Bauer, who prepared and calibrated the membranes and 
filtered the suspensions of virus, nine tests with twenty-five mem- 
branes of diflterent porosities were made. The results, tabulated else- 
where, show that membranes with average pore diameters of 66 m^ 

TABLE I 


Fillration of Small Quantities of Encephalitis Virus, Strain 3, through Seitz Pads 


Virus Strain 3 

Dose 0.03 cc. intracercbrally in dilutions 

io-« 

lO-s 

io-« 

lo-f 

10-* 

Duration of life 


6ays 

1 ioys 

[ ^oys 

days 

mmm 

Unfiltered 

5, 5, 6, 6 

[ 5, 5, 5, 6 

6; 6, S, 8 

4, 8, 8,11 


Filtered 

5, 6, 8, 8 

5, 6, 6, 6 

6, 8, S| 8 

6, 8, S, S 



S = survived and well, 21 days. 


or greater permit passage of the virus, while those with 62.5 m/x 
average pore diameter or less do not permit passage of the virus (5). 
These findings have since been confirmed by Elford and Perdrau (6). 
The technique and protocol of one of the nine tests are given below. 

Experiment 2, Test 7, Jan. 18, 1934 . — ^Five brains from mice prostrate 4 days 
after an intracerebral injection of virus, Strain 3, were removed, emulsified with 
abrasive, and suspended in Bauer’s diluent consisting of ascitic fluid, 35 cc., hor- 
mone broth, 35 cc., and distilled water, 30 cc. The suspension was centrifuged 
30 minutes at 3,000 e.p.m. The supernatant fluid was filtered first through a 
Seitz pad and then through a collodion membrane, No. 166, with average pom 
diameter of 260 mu. Eight portions of this stock filtrate were then each pass 
through one of a graded series of membranes with average pore diameters ranging 
from 90.8 to 54.4 m/i under a pressure of 100 cm. of mercury. The meinbranc 
filtrates together with the stock filtrate further diluted to 10"^, 10”^, 10 an 









LESLIE T. WEBSTER AND GEORGE L. FITE 


413 


10"' were each injected intracerebrally in 0.03 cc. quantities into sk Swiss and six 
Rockland mice. The mice were obser\-ed 21 da>-s and the survi^-al times recorded 
in da>-s. 

The result of this titration is recorded in Table 11. The stock 
filtrate in each of the dilutions 10~*, 10~*, and 10~' killed eleven of 
twelve mice and killed three of twelve mice in the 10"' dilution. The 
stock filtrate put through membranes with average pore diameters of 
90.8, 82.6, 71.2, 67.0, and 66.1 mfx inclusive killed all mice, but put 
through membranes with average pore diameters of 57, 54.8, and 51.8 


TABLE n 


Fillralxon of Encephalitis Virus, Strain 3, through Graded Collodion Mernbranes, 
Experiment 7, Jan. 8, 1934 


No. of 
rnra* 
irisc 

Averin* 

dunetcr 

Dnratioa of life 

Swiss mice 

Rocklisd dec 


rtn 

iays 

isrs 

160 

200 

5, 5, 6, 6, 6, 6 (dilution 10"’) 

5, 5, 6, 7, 8, S (dilution 10"’) 

160 

260 

6,6,6,6,7,S( “ 10-^) 

6, 6, 6, 7, 7, 9 ( “ 10-*) 

160 

260 

6, 6, 7, 7, 7, 8 ( » 10-*) 

6, 6, 7, 7, 8, S ( “ 10-*) 

160 

260 

7,7,S,S,S,S( “ 10-*) 

8,S,S,S,S,S( “ 10-*) 

ST 

90.8 

4, 5, 5, 5, 6, 6 

5, S, 6, 6, 6, 7 

£0 

£2.6 

4, 5, 5, 5,5, 6 

5, 5, 5, 6, 6, 7 

E9 

71.2 

5,5,6, 6, 7,7 

6, 6, 7, 7, 7, 8 

i t 

67.0 

5, 5, 5, 5, 6, 6 

5, 5, 5, 6, 6, 6 

139 

60.1 

6, 6, 6, 6, 6, 7 

5, 6, 6, 7, 7, 7 

91 

57 

All remained well 

All remained well 

70 

54.8 

«< H « 

«< <1 <1 

79 

51.8 

•* U 4< 

«< <« If 


S - jun-ived and wdl, 21 days. 


niq failed to kill. This one c.vpcrimcnt indicates that virus traverses 
membranes with average pore size of 66 m^ or greater and is held back 
In membranes with 57 m^i average pore size or less. 


SusccfiiliUiy of Animals to Encephalitis Virus 

Mice. Mice are highly susceptible to the vims given 
bralK ns sliown by the following titrations. 


intracerc- 


, ; 


r:' vrlr; 


. I'.ra’.r.v cl iv. o mire prostrate ■? days alter ir.tracerchra! 
Mrv', J-'lratn v-erc removed, weiphr**. erred.' cl v ir!: 
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diluted 1 to 10 with pneumococcus broth or ascitic fluid mixture, centrifuged 10 
minutes at low speed and further dUuted bj' serial tenfold dilutions. 0.03 cc. of 
eacli dilution was given intracerebrally to Swiss mice. The mice were observed 
21 days and the duration of life noted. The results of two titrations are given in 
Table III. 

The tests show (Table III) tliat the agent given intracerebrally in 
the manner described above is active in dilutions of 3 x 10“® gm. of 
infected mouse brain and occasionally in dilutions of 3 x 10"® gm. 

The agent in stock mice is somewhat less active and regular in its 
effects and in R. I. S. mice (7), still less virulent (Table m). 

Intranasal instillations of virus into Svnss, white-face, and R. I. R- 
mice give rise to characteristic fatal encephalitis (1). Following an 
incubation period of 5 to 6 days, hyperesthesia and tremors appear, 
followed by convulsions, prostration, and death in 7 to 10 days. Table 
IV illustrates the degree of activity of virus prepared in the manner 
described in Experiment 3 and instilled in 0.03 cc. amounts into the 
nares of Swiss mice. 

The virus is less active when instilled intranasally into stock mice 
and stni less virulent in R. I. S. mice (Table IV). 

Intranasally infected mice show lesions similar to those in mice in- 
jected intracerebrally (1). Perivascular and focal accumulations of 
round cells are scattered throughout the brain and cord, and the char- 
acteristic necroses of the pyramidal cells of the piriform lobe and 
Ammon’s horn are conspicuous. The earliest lesions are found 3 days 
after nasal instillation of virus in the olfactory bulbs beneath the pia. 
Round cells are scattered and collected in foci about the blood vessels 
relatively near the pia. By the 4th day the brain is involved in the 
piriform lobe beneath the pia. On the 5th day, Ammon’s horn is 
affected. This orderly progression of lesions will be described more 
fuUy in a subsequent paper. 

The injection of mice with the agent intraperitoneally, subcu- 
taneously, and intravenously is without effect unless at least 100,000 
intracerebral lethal doses are employed. If 0.1 gm. of brain virus JS 
injected intraperitoneally into ten or more mice, 10 to 30 per cent may 
die of a typical encephalitis. Even this ovem^hehning dose usually 
fails to affect mice if it is administered subcutaneously. 

Macaciis rhesus Monkeys . — We have reported that Macacus rhesus 
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monkeys given 1 cc. of a 10 per cent suspension of mouse brain virus 
intracerebrally showed elevations of temperature in 7 to 9 days, lasting 
3 to. 5 days, and followed by hyperirritability or apathy. Lesions 
appeared only in the central nervous system and consisted of scattered 
accumulations of round cells in perivascular spaces and in foci ad- 
joining affected nerve cells (1). The meninges often contained rather 
prominent accumulations of round cells. Unlilce the mice, monkeys 
showed no changes in the pyramidal cells of piriform and hippocampal 
lobes; they did present, however, very occasional injured nerve cells 
scattered irregularly in cortex, stem, and cord. 



mouse brain, virus intracerebrally. 

Of six monkeys receiving mouse brain virus, all showed elevated 
temperatures after 7 to 9 days. Four of six showed tremors, irri- 
tability, and weakness. None succumbed but three continued ill for 
6 weeks. Protocols of two of these animals are given below and the 
difficulty of establishing the virus in monkeys is described. 

Experiment 4. — Sept. 18, 1933, Monkeys 1 and 2 inoculated intracerebrally 
with 1 cc. of mouse brain virus, Strain 4. Daily temperature records are plotted 
in Text-fig. 1. Monkey 1 showed slight elevation in temperature on the 8th day, 
and tremors of extremities, head, and back, and apathy on tlie 9th day. On the 
10th day, the tremors continued and clonic convulsive movements of the hands and 
feet were prominent, together with extreme apathy, weakness when roused, and 
spasticity of the left leg. On the 11th day the signs were unchanged. Spinal 
fluid showed 92 cells and a positive Tandy. The animal was much improved on 
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the 13th day. On the 14th day the animal vras sacrificed. Its cortex proved 
infective for mice; its blood and spinal fluid non-infeclive. Blood taken on the 
10th day vras later shown (Experiment 5) to contain specific protective properties 
against the virus. 

Monkey 2 showed progressively increasing temperature after the 5th day, 
reaching a TnaTimuTn on the 8th day. At this time it was irritable and hj'per- 
esthetic. On the 9th day these signs had increased and the left arm was ata.xic. 
The nest day these signs were at a maximum. The animal was extremely irritable, 
quite spastic, with convulsive movements. On the 11th day the spinal fluid was 
found to contain 43 cells and to show a positive Pandy tesL B3' the 13th day the 
animal was still exceeding!}' irritable and wild in its movements. Bj* the 20th day 
the animal was much improved and, a week later, seemed well, 

Oct. 12, 1933. Monkey 5, given an intracerebral injection of 1 cc. of mouse 
brain virus. Strain 3, diluted 1 to 20, was sacrificed 12 dav-s later at the height of 
fever and signs of encephalitis. Blood and spinal fluid injected into mice were 
ineffective; cortex injected into mice gave rise to characteristic fatal encephalitis. 
Cortex diluted 1 to 10 was also injected intracerebraUy in 1 cc. amounts into two 
monkeys, Nos. 7 and 8, Both of these showed elevation of temperature on the 
9th and 10th daj's, with tremors. No. 7 continued weak, had convulsions, and 
6 weeks later was well. No. 8 was sacrificed on the 11th day. Its cortex proved 
infective in mice; its blood and spinal fluid negative. Intracerebral injections of 
cortex into three monkcj's provoked a sb'ght rise in temperature in two, with 
some irritability, weakness, and spasmodic movements. A single third passage 
experiment was carried out in two monkej's. Both showed slight elevations in 
temperature and doubtful signs of encephalitis. No further tests were made at 
this time. 

Later, Nov. 15, 1934, each of the five strains of mouse brain x-irus was injected 
intracerebraUy into a .]facacus rkesus monkey with results similar to those de- 
scribed above. 

Rabbits . — 10 per cent suspensions of mouse brain virus given intra- 
cerebrally, intraocularly over the surface of the scarified cornea, 
intradermally, and intraperitoncally to young and adult rabbits pro- 
voked no demonstrable reactions. 

Giihua Pigs . — Mouse brain virus in 10 f>cr cent emulsions injected 
intraccrcbrall}' and into the pads of young and adult guinea pigs was 
innocuous. 

Rats . — Rats given 10 per cent suspensions of mouse brain virus intra- 
ccrcbrally, intranasally. and inlrapcritoneally remained well. 

Sheep . — One sheep given 2 cc. of a 10 per cent mouse brain virus 
suspension inlraccrebralh' remained well. 
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Protective Action of Serum from Infected Monkeys 

Sera from certain infected monkeys showed specific protective 
properties against the virus. Some of the tested monkeys had re- 
ceived a single intracerebral injection of mouse brain virus; others one 
or two additional intraperitoneal injections of 5 cc. of 1 to 10 virus 4 
to 6 weeks later. The protection tests were carried out as follows : 

Two brains from mice prostrate 4 days after an intracerebral injection of mouse 
brain virus, Strain 3, were removed, weighed, emulsified with abrasive, and taken 
up in pneumococcus broth pH 7.8 in a dilution of one part brain in fifty parts fluid. 
This material was then centrifuged at low speed and 1 cc. of supernatant diluted 
further. 0.3 cc. of each dilution was then added to 0.3 cc. of the test serum. The 
mixtures were placed in the incubator for 2 hours, left 1 hour at room temperature, 
drawn up in 0.25 cc. tuberculin s 5 Tinges with 26 gauge needles, and injected intra- 
cerebrally in 0.03 cc. volume into four to six Swiss or R.I.R. mice. The duration 
of life was recorded in days. 

The results of several tests are shown in Table V. Serum from 
Monkey 1, drawn 10 days after the primary intracerebral injection, 
Avhen the animal showed elevated temperature and definite symptoms, 
gave definite protection; that is, all but one animal receiving the 
monkey serum plus the three highest dilutions of virus survived, as 
contrasted with the death of ail but one receiving corresponding dilu- 
tions plus control serum. On the contrary, serum from Monkey 8, 
drawn under similar conditions, did not protect. Again, serum from 
Monkey 2, drawn several weeks after the initial injection and 2 weeks 
after a series of three intraperitoneal injections, showed strong pro- 
tective properties which appeared to decrease witli the age of the 
specimen. A second specimen, obtained after further intraperitoneal 
injection, showed similar strong protective properties which disap- 
peared after 4 months. No preservative was used: specimens were 
kept sealed in tire ice box. 

Serological JJmformily of Strains 

The strains of virus from four St. Louis cases and one Kansas City 
case proved alike in their effects in mice and Macacns rhesus monkeys. 
Moreover, two additional strains which Muckenfuss, Armstrong, and 
McCordock obtained by injecting brain tissue from St. Louis cases 
into Macaeus rhesus monkeys and later from infected monkeys into 
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mice (8), kindly sent to us for comparison by Dr. jMuckenfuss, proved 
similar to our strains. The uniformity of the seven strains was further 
tested by comparing the protective effect of immune monkey serum 
on homologous and heterologous strains. 

Expcrmoit 5. — ^Each of the seven strains of virus in mouse brain was injected 
intracerebral]}' into sbe Swiss mice. 4 da3's later, when the mice were prostrate, 


TABLE VI 


Pfoteclive Effect of Ivmnnc Monkey Scrum on Homologous and Hclcrologous Strains 

of Encephalitis Virus 


Virus 

strain 

No. 

! 


Dose 0.03 cc. intraccrcbrallj- in dilutions 

Source 

Serum 

io-< 

10-^ 



Duration of life 

3 

i 

St. Louis 

Human non-contact 

days 

4, 5, 5, S, 5, 6 

days 

5, 5, 5, 6, 6, 11 

3 

tt t< 

Monkey immune 

7, 7, 7, S, S, 8 

7, 10, S, S, S, S 

4 

« <{ 

Human non-contact 

5,5, 5,6, 7,7 

4, 6, 6, 6. 7, 8 

4 

« it 

JMonkey immune 

7,7,8,10,12,12 

9, 9, 10, S, S, S 

S 

tt tt 

Human non-contact 

5, 5, 6, 6, 7, 7 

6, 6, 6, 6, 8, 9 

5 

ft tt 1 

Monkey immune 

7,7,7,8,9,S 

7, 10, 11, 11, S, S 

11 

Kansas City 

Human non-contact 

5) 5 

3, 5, 5, 6, 6, 6 

11 

ft tt 

Monkey immune 

7, 7, 7, 8, 8,11 

3, 7, 8. 9, 9, S 

16 

St. Louis 

Human non-contact 

5, 5, 5, 5, 5, 7 

8, S, S, S, S, S 

16 

it it 

Monkey immune 

9, 10, S, S, S, S 

S, S, S, s, s, s 

22 

St. Louis* 

Human non-contact 

5, 5, 6, 7, 7, 12 

6,7,7,7,9,11 

22 

tt tt 

Monkey immune 

7, 7, 8, 8, 8, 9 

S, s, S, S, s, S 

23 


Human non-contact 

5, 5, 5, 5, 5, 5 

6, 7, 7, 7, 8, 9 

23 

tt it 

Monkey immune 

7, 7, 7, 7, 8, 9 

S. S, S, S, S, S 


S = survived and well, 21 days. 

* Strains sent by Dr. R. S. LIuckenfuss. 


two from each group were killed, the brains weighed, emulsified with alundum, 
diluted 1 to SO by weight with pneumococcus broth pH 7.8, and centrifuged at low 
speed for 10 minutes. 1 cc. of supernatant fluid was then removed and diluted 
further in pneumococcus broth. Final dilutions were made by combining 0.3 cc. 
of the virus dilution with 0.3 cc. of the normal serum or immune serum, making 
the concentration of virus in the serum mktures 10-* gm. and lO"® gm. respec- 
tively. The normal serum was obtained from a non-contact adult in New York 
City; the immune serum from a Macacus rhesus monkey 1 week after a series of 
one intracerebral and three intraperitoneal injections of Strain 3 virus. The 
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virus-serum mixtures were incubated at 37“C fnr 9 j ^ 

stand at 23° for 2 hours 00 ? rr nf i, •’ ~ ^en allowed to 

i«to si, Ssriss mice^ak^f !' “t «t»car.b,dlv 
-e ssp^ssd i„ „, Hfe i„ da,.; sd„™-„ wars 

seJetrj^ce «■ I" ^ 

diluUon, the survival ttae „fTr W"* 

consistently longer than that receiving immune serum was 

in the seriK rerflg 1 ,? -n™al serum, and 

diluUon, bTth acZ nrn ecr “'10“ 

greater in the groups receiving™ ^“ynval time were consistenUy 
gave similar fesulm taS? ■““""“aerum. Three addiUonal tests 

Straindeaert^ aSettrecr^ 'ri* 

strains from St. Louis fnd Kansas 

discussion 

filters ^-ith averagtporrdk^^t^^'*^ studied to traverse membrane 
it from visible microorgam'smTLT ^ t difi^eren bates 

fever virus is limited bv rnemh ^ viruses. Rift VaUey 

equine encephalomyelibs is UmT7 u Po^e diameter, 

average pore diamX 9 ) “'^“^ranes. of about 66 m^ 

fever, and foot-and-mouth P<5fioniyeIitis,ye]Jow 

b-nesn-ith smaller a“ raS^rr;- 'T"/ 

able, moreover, from the viruses of he 'P^'^^Sent is distinguish- 
cnccphalitis (10) in failincr ^ ^ Japanese B 

unlike those of Rift ^^Uev 

encephalomyelibs, and mou.e o^’ Poliomyeliu's, equine 

upon monkeys and mice ^ 

dealing with a filtrable virus Sn?r 

It can scarcely be derived from T previously described, 

ployed for the work, since strains I animals em- 

nnd carried in different anim-i from different laljoratories 
penic effects and in being neutral ^P,™'.*^ their patho- 

cnceplnalitis in St. Louis and Ran! recovered cases of 

n-re fully in a subsequent pa^^ ' """ 
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CONCLUSIONS 

1. The infectious agent from fatal cases of St. Louis and Kansas 
City encephalitis passes Seitz pads in high dilution without appreciable 
loss of infectivity and traverses collodion membranes with an average 
pore size of 66 mju or greater. 

2. It is highly infectious for mice by tlie intracerebral and intra- 
nasal routes, but practically innocuous by the subcutaneous and intra- 
peritoneal routes. 

3. Certain strains of mice are more susceptible than others. 

4. The agent administered to mice intranasally causes tremors and 
convulsions after a 6 to 7 day incubation period, followed by pros- 
tration and death in 8 to 10 days. Lesions are demonstrable in the 
olfactory bulbs 3 days after infection, in the piriform lobe after 4 days, 
and in Ammon’s horn after 5 days. 

5. In Macactis rhesus monkeys, the agent provokes a mild, non- 
fatal reaction and the development of specific neutralizing bodies. On 
passage in monkeys, the virus becomes progressively weaker. 

6. In rabbits, guinea pigs, rats, and sheep the agent is apparently 
vdthout effect. 

7. All available strains of the agent proved alike in effects in animals 
and in immunological response. 

8. The available data enable one to conclude that the agent is a 
filtrable virus differing from those studied heretofore. 
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TRANSmSSION OF IMYELOID LEUE^^MIA OF JvIICE 
Its Relation to Myeloma* 


Bv J. FURTH, M.D. 

{From the Deportment of Pathology, Cornell University Medical CoUege, Nrx Tori) 

Plates 17 to 20 

(Received for publication, November 14, 1934) 

The experiments that will be described demonstrate that myeloid 
leukemia of a mammal (mouse) is transmissible and is a neoplasm that 
affects the precursors of granular leukocytes, the same cells produemg 
myeloid leukemia and myeloma. Snijders (1) has shown ^at Ij-m- 
phatic leukemia of guinea pigs is transmissible, and independent 
studies of subsequent workers found this to be true for junp a ic 
leukemia of mice (2-5). The isolation of the strain of myeloid 
leukemia here described has made possible a study of the pat ogene-^ 
of myeloid leukemia and its relation to myeloma, and has made avail- 
able a constant source of malignant myeloid cells. 


Origin of Strain 

Routine examination of our colony revealed a mouse (Iso. Ar 117) 
with a greatly enlarged and readily palpable spleen ; some of the Ijnnp 
nodes of this mouse were slightly enlarged. The leukocyte count v as 
105,000 per c.mm.; most of these white blood cells were myeloid 
cells but only 9.5 per cent of them were myclocv’tcs with coarse baso- 
philc granules that were subsequently identified as the malignant 
myeloid cells characteristic of this strain (Figs. 1 to 3). 


Nculropbilc poUuudcar leukocytes were 31 per cent, ncutropbile ra\cioc> vCs 
and metamyelocytes 20 per cent, cosinophllc granulocytes O.S per cent, cells .».c 
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(Fig. 19). The pulp was denscl}^ packed with these cells and tlie l>'mphoid tissue 
atrophied. The liver was moderately enlarged and its sinusoids were distended 
with basophile myelocytes (Fig. 17). The femoral marrow was a dense mass of 
these cells (Fig. 22). The structure of the honph nodes was retained but basophile 
myelocj'tes filled their smuses (Fig. 20). ^Vherever found, many of these myeloid 
cells were in the process of mitotic division. Their abundant, coarse granulation, 
stained purple to black with Azure II, made them readily recognizable in any 
location. 


TABLE I 

Transmission of Spontaneous Myeloid Leukemia 


Mice 

i 

Route of injcctioa 

No. of 1 
mice 1 
in- ! 
jeeted 

No. 

+ 

Length of life of mice with 
myelosis 

Unrelated (R)> irradiated. .... 

i.v. 

4 

3 

days 

K 18, R 20, K 25 

Unrelated (R), irradiated 

Intrasplenic (?) 

4 

4 

K27,K31,K48,D50 

Related (Ar), not irradiated. . . 

i.v. 

8 

1 

K49 

Related (Ar), not irradiated. . . 

Intrasplenic (?) 

4 

2 

D 66, D 109 


Abbreviations Used in the Tables 

-f » inoculation successful; K = killed; D = died. “Length of life” means 
length of life of mice with myelosis, in days, after inoculation; c.g., “K IS” means 
a mouse with myelosis killed 18 da5^s after inoculation. With rare e.Kceptions mice 
were killed only in extremis. 

Route of inoculations: i.v. = intravenous; s.c. = subcutaneous; i.p. = intra- 
peritoneal. 

“Irradiated” signifies that the entire body of the animal was irradiated from 
1 hour to 5 days before inoculation, with 400 r-units of X-rays, using the following 
factors: 190 kv., 30 ma,, 50 cm. distance, 0.5 mm. Cu -f 1 mm. Al. The mice 
were irradiated by Mr. E. Stober through the courtesy of Dr. J. R. Carty in the 
Department of Radiology, Cornell Medical College. 

Transmission of the Leukemia 

The mouse was breathing with difficulty; it was killed and an 
emulsion of the spleen injected into twenty mice of which eight were 
irradiated 1 day before inoculation. Twelve mice received injections 
into the tail vein, and in another group of eight mice an attempt was 
made to inject the material directly into the spleen, which is readily 
visible beneath the shaved and moistened skin. The results of these 
inoculations are summarized in Table I. 
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of mice used W'b^ 

,"”5“ «' a.„ w«.T^ tm b^S ™' *»“' “p too . 

fcnlie »ere designated by adding smaB fetters tolT ”““*«»■ Tiese 

bers Of the different stocks (A R SS 1 1 R. S. Mem- 

of same family (e.^., Ar) i being ^“°bers 

■"eeks after inoculation- thev barf ? j “^'enously were ver^- ill about 

»9lS”,r?'Siri'Sred“ir“ 

~o- m s; ^.ruoit'bS: 

jnore ^eadiirtral^mit^erj'?:? experiment that the disease is 

" {“‘■tber subpassages imH' to unirradiated mice 

strain of myeloid leukcnua Propagate this 

•stocb to test their succcptib^u ™ee of the different 

conditions of transfer and the ^".°^^er to establish the optimal 

=5:S=S;S“"=;:=t: 

orther attempts to inoculate the spleen 
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directly seemed superfluous, for it was evident that these malignant 
myeloid cells would grow in the subcutaneous tissue or in the ab- 
dominal cavity and form tumors in these sites (Figs. 8, 9). Neither 
the individuality of the host nor the site of inoculation modified the 
characteristics of these malignant myeloid cells. 

Table II is a summary of fourteen intravenous passages in irradiated 
mice and shows that the inoculations were successful in 88.6 per cent 
of the animals. The inoculations in irradiated mice by routes other 
than intravenous (Table III) were somewhat less successful (78 per 
cent). In four of the mice included among the successful inoculations 
in this table the growth that developed at the site of inoculation 
regressed. The anatomical changes in relation to the route of injec- 
tion will be dealt with later. 

Nodular growth about the sternum, vertebrae, and kidney, found in the mice 
of the first passages, suggested the attempts of producing such nodules by injecting 
a suspension of immature myeloid cells about these tissues. These inoculations 
resulted in the formation of growths at the site of injection and they were aban- 
doned as soon as it was recognized that similar growth may be readily produced in 
the subcutaneous tissue and abdominal cavity. 

It requires a long period for the malignant myeloid cells to form a 
grossly detectable growth, when introduced into the subcutaneous 
tissues; but similar cells produce fatal myeloid leukemia within from 
2 to 3 weeks when introduced intravenously. Barely detectable 
nodules were occasionally found in the subcutaneous tissue 2 months 
after inoculation with fairly large doses, and it is probable tliat the 
incubation period can be prolonged by decreasing the inoculating 
dose. These data are of interest in relation to the long period of 
latency of some malignant neoplasms. 

Inoculations are less often successful in unirradiated than in irra- 
diated mice and the disease produced is more chronic (Table RO- 
Direct offspring of the mouse with the spontaneous disease (No. Ar 
117) were not available for inoculation. Forty-one mice that could be 
traced back to the same parents as No. Ar 117 (Stock Ar) were tested 
and sixteen (39 per cent) proved susceptible; of forty unrelated mice 
(Stocks R and S) tested, sLx (15 per cent) proved susceptible 
(Table IV). 



TABLE n 


Inlravenotis Imculalions of Irradiated Mice 


Ko. of 
piij^ses 

Material injected 

No. cf nice 
injected 

No. 4- 

Length cf life cf nice v^th 
nydods 

Eitrenres 

Averase 





dsjTT 

*7, 

I 

Spleen 

4 

3 

K 18 to 25 

K21 

Ha 

/f 

12 

10 

K 17 to 21 

K2Q 





D 20 to 48 

D27 

ns 

t( 

14 

13 

K 21 to 22 

K22 





D 16 to 47 

D26 


Spleen (diluted) 

10 

8 

KS3 

K83 





D 27 to 48 

D36 

He 

Spleen 

12 

11 

1 

D 20 to 24 

D22 

Ud 

Growth 

8 

8 

5125 

K2S 





D 18 to 25 

1 

D21 

1 

He 

(C 

8 

8 

D 28 to 54 

D37 

lUa 

Spleen 

4 

4 

1:21 

K21 





D 21 to 24 ! 

D22 


Blood cells 

9 

9 

D 14 to 32 

D23 

ini 

Spleen 

4 

4 

D 15 to 23 

D20 


Spleen (i.v. and s.c.) 

7 

7 

K 29 to 41 

K33 





D 21 to 25 

D24 

niA 

Spleen 

4 

0 



in/ 

(1 

8 


K63 

K63 





D 18 to 22 

D 20 

III,- 

<1 

1 

3 

HH 

K IS, D 15 



Spleen (diluted) 

II 

10 

K 72 to 93 

K84 





D 34 to 96 

D59 

III; 

Growth 

9 

9 

D 22 to 4S 

D33 

nil 

Growth and rpleen 

3 

3 

K 22 

K22 





D 20 to 32 

D27 

IV r 

Spleen 

2 

0 



Tcul 

132 

117 (?=: 

: 6 per cent) 
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TABLE m 


Inoculations Other than Intravenous in Irradiated Mice 





No.ol 

r 

Length of life of mice with 

No. of 
passages 

Route of injection 

Materiri injected 

mice 

in- 

No. 

+ 

myelosis 



jected 


Extremes 

Average 






days 

days 

I 

i.p. 

1 

Spleen 

4 

4 

K 27 to 48 
D50 


II a 

i.p. 

«( 

3 

3 

D 49 to 79 

D69 


s.c. 

It 

3 

3 

i 

K30 

D 111 to 146 

D128 

Hi 

s.c. 

II 

13 

11 

K 64 to 78 

K70 






D 49 to 141 

D106 

lie 

s.c. 

it 

1 

4 

4 

D 34 to 101 

D 72 

lid 

Intrasplenic (?) 

Growth 

6 

6 

1 

D 43 to 62 

D52 


Perirenal 


5 

5 

I D 40 to 120 

D61 


s.c. 

a 

6 

3 

KSS 


He 

1 

S.C. 

« 

4 

' 3 

D 115 to 141 

D132 

11/ 

s.c. j 

(f 

6 

6 

D53 to 116 

D92 





K 70 to 98 

KS4 

IIIo 

s.c. 

Spleen 

4 

1 

3 

K 69, D 90 


IIIc 

s.c. 

Spleen* 

1 

5 

2 

K87 



Perivertebral 

Spleen 

5 

2 

D 26 to 31 

D29 


Peristernal 

« 

2 

2 

D 32, K 34 


Illd 

s.c. 

Growth 

■ 

6 

K 84 to 125 

D 43 to 95 

K or D 87 

lllg 

s.c. and i.p. 

Grow’th and spleen 

■ 

1 

K 109 


IV 6 

s.c. and i.p. 

l< tl it 

H 

0 



IV d 

i.p. 

1 

1 

■ 

10 

K70 

D 31 to 105 

K or D 57 


95 

74 (78 per cent) 


* Immediately after glycerination. 
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Allcmpls al Trans77msion u'ith Material Free fro77i Vialk Cells 

Four different procedures that served best to demonstrate the exist- 
ence of \'iruses capable of transmitting leukosis of chickens were used 
to determine whether the myeloid leukemia Strain Ar 117 can be 


TABLE IV 


Inoculation in Unirradiated Mice 


Stoct 
of mice 

Xo. of 
passages 

Route of injection 

No. of 
nice 
injected 

Ko.+ 

Length of life of nice with 
n5*e!osia 

Extrcnca 

.^rerace 






£ayi 

iiji 

At 

I 

i.v. 

8 

1 

k:49 



I 

Intrasplenic (?) 

4 

2 

D 66 to 109 

DSS 


nd 

Perirenal 

3 

3 

D 37 to 67 

D51 


Ud 

s.c. 

3 

2 

D 129 to 145 

D 137 


n/ 

s.c. 

6 

1 

D55 



md 

s.c. 

7 

5 

D 73 to 123, K 122 


Ara 

niti 

s.c. 

4 

■■ 

D4S 


Arc 

mi 

s.c. 

6 

■■ 

D63 


Af 

He 

i.v. 

3 

1 

D 136 



n« 

s.c. 

3 

0 



Ak 

ni6 

i.v. 

5 

0 



Rg 

He 

i.v. 

3 

0 




in a 

i.v. 

4 

2 

D 84 to 85 

DSS 


lie 

s.c. 

3 

1 

D13S 



mo 

s.c. 

4 

2* 

D 116 


Rf 

in/ 

i.v. 

8 

0 



.S 

nie 

i.v. and s.c. 

7 

0 




Total 





Stock Ar, .\ra, Arc 

41 

16 (39 per cent) 


Other 5-tocks. . , 


40 

6 (15 per cent) 



One mouse with tnuismiitcd myeloid tumor is still alivT, 20S da \'5 after 
inoculation. 


transmitted by material free from viable cells. These experiments, 
stimmariaed in Table V, indicate that Strain Ar 117 is transmissible 


onl\’ by 
of these 
I'rcczi 
stu'iirs 


viable cells. Not a single finding was to the contrary. Som.c 
c.\'pcrimcnts merit further discussion. 

■ng cr.d r/rju-tng.— This procedure has often been used in 
undertaken to demonstrate ccll-trcc transmission, but it ha*; 
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to 3ub„.gc it in a ii,uid ti.at is ddUedt WnTe“ !?: l^^t 



(a) Dried tumor and spleen 

(b) Dried spleen 


III 

(a) Growth frozen at 

—30° during 30 min. 

(b) Spleen frozen at 

—30° during 30 min . 
—20° during 30 min . 
— 15° during 30 min 

(c) Growth frozen at 

—35° during 30 min 


IV 


Glycerinated spleen (7 to 21 
days) 


Frozen at 

10 during 30 min. 
5 during 30 min. 
Not frozen 
Fresh, 1/1* 

“ 1/20 
“ 1/400 


I 

Immediate!}’’ after glyc- 
erination * 



keep the matenal at tMs temperature during a period of time neces- 
sary for cU ce^ to reach approrimately this temperature. TOen sub- 
jected to such treatment the mah’gnant myeloid cells, like m^UgnZ 





ledi. 


\ (JaJJ 
\ ^ 

D 37 ,-D 51 >^ 5 » \ 53 

®^ 4 ’b 55 DSS^L ^ 


S.C during 30 nnu- . - ' ,„.C it 

*= '““'““f _ 5 “ and 

'taS: 

eeins p^o rtainlY ^ii . - \ cubz^to temp^ 

_10°C., and certa^^y ^ ^ucal suM .qq, 

. cec Tbcre seems ^^^^5 that ^^ution vras \/ 

il ceUsdie. ^?Wa 

«„.admyate.sm aU^ t tins qnanuty. 

"ti* a%t con- 

.MC as described m pie« ^ 

tSd^*SbeSeans..ss.n- ^ 

ru.»a -» "S’SSriiaP'''*’' ,,, (c,e.) 

r® by addW - 

Q-^'^Trile V^Ss del^nd '« sbenj»“ „,.eriA « 

,;.,.\0.c lo V.n'VA 
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tmnsmission op MVEiom leokemu op mcE 


xtuui:; 

u=ed intr 


table VI 






-r TtTRXH 

-stance of tie 

niyeloma, and large ^^,,easing doses are 

venous inocula Table \T 0.1 cc.; tie 

- T tie last e-xperiment recorded to iave 

• pA 110 000 leukocytes per • ^ ^y tier o^ _jT>eriments tie con- 

contained I jUntions ol l/ljOt't'i tVie remainiuS c.nim. 

centrated cell suspension ^ gendered sttscep^bl 

Most mice used in -^^d oT^om 1 to 3 

preceding irra^ation vn after 5) . Hence if 

ducedby X-rays depen<k ‘^“Tb^ecmasis tie amount 

^•ceks follmvnng lengthened b> d ^^^.ause 

the life of tie --'^^^ttiTn^ r^^^^ become -sue-;;;:', hy irradiation- 

of the inoculum, mo min tbe resistanc ’ .j v>v greatly dc 

*Xf>s^ver,fm= tor '>;t”S^l-“toUons 

It is temarbablc that W of succ - position 

crLtagte inoculum 

docs not diminis develop m rcsis an regained their 

tint the disease rrould aiU^^^ ^dieted by the 

It appeared vithm a ^ Irradiation, X-rays causes a 

resistance, previous > o \%ingle large o_e 'j.^-^ctance of the 

results of the ^^^^^''^'f^’v.i^herto suspected, or th ^ a 

protond inju^; ^ ^„pn,pli"n fmdr 

l-t U " . r?’; ‘ roUpo»ta»«'“ '>- 

'“iTar^ ot;-arto«r U..r the terge 

pSarorU (6) aad myrtama.o.s ^ 

i„S»g crpcd.c'jt o! -.he d.ca 

1:, iV.b MpcriTncnl, nucc 

vi’.i a jplc...v. . ■. a; tic cf-c- 

r.un'.brr of ctlb i.jcctcl i' e.....r.o 
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120,000 white cells per c.ram., but the material had to be refiltered and an un- 
known number of the cells were lost during this process. Each mouse received 
0.1 cc. of cell suspension. The inoculation was unsuccessful in one mouse that 
w'as killed 120 days after inoculation; all other mice died or were killed in extremis 
witliin 96 days after inoculation. 


Length of life 


Dilution of material 
injected 


days 


KIS 


KIS 

BSH 

D 15 


D34 


D35 

1/400 

D42 

1/20 

D42 

1/400 

D50 

1/400 

K72 

1/20 

D77 

1/400 

D89 


K9S 


D96 


K120 

■H 


Type of disease 


Diffuse myelosis (myeloid leukemia) 


tt K U 

it u it (t 

tt it ti tt 

cc cc cc cc 

ti tt tt tt 

tt tt it tt 

tt tt tt tt 


^^luldple myeloma 
Myeloma 

tt 

Multiple myeloma 

cc cc 

Negative 


All mice that died within 50 days showed diffuse myelosis; all that 
lived for at least 72 days showed the formation of nodules attached 
to bones and viscera. These masses were composed of immature 
myeloid cells infiltrating the surrounding tissue. Mitotic figures w^ere 
numerous among the immature myeloid cells and there was no 
evidence of inflammation. Hence these nodules may be regarded 
as tumors (myelomata). 

The results of all other experiments shown in Table W were essen- 
tially the same. Tumors appeared in mice that received a small dose, 
whereas mice injected with a large dose developed diffuse myelosis vdtli 
no tumor formation. 

These experiments suggest tliat the type of disease is largely deter- 
mined by the number of malignant myeloid cells entering tlie circula- 
tion. Individual resistance as a minor factor is suggested by a few' 
irregularities in the relation of dose to the time of deatli. Since the 
resistance of all mice w'as ver)' low at tlie beginning of the experiment, 
as the result of massive irradiation preceding the inoculation, and 
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transmission of MVEIOID I.EOKFMU OF MICF 
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then gradually returned, it is questionable whether a reduction of the 
inoculating dose did more than delay the incubation period. Not until 
highly susceptible unirradiated mice are available for inoculation can 
the effect of the dose be accurately determined. 

The relation of resistance of the host to the type of disease becomes 
evident when mice with widely differing resistance, namely irradiated 
and imirradiated mice, are inoculated with the same dose. 

(o) In the transmission experiment with material from the spontaneous case, 
irradiated and unirradiated mice were inoculated intravenously with the same 
amount of cell suspension. Irradiated mice; K 18, K. 20, K 25, diffuse myelosis. 
Unirradiated mice: K 49, myeloma; K 178 (six mice), negative. 

(b) Passage lie with similar inoculation; Irradiated mice: K 29, D 29, D 53, 
diffuse myelosis; D 54, myeloma. Unirradiated mice: D 136, myeloma; K 147 
and K 147, negative. 

(c) Passage lUo with similar inoculation; Irradiated mice: D 21, D 21, K 21, 
D 24, diffuse myelosis. Unirradiated mice; D 84, D 85, myeloma; K 143 and 
K 143, negative. 


The obvious explanation of these obser\-ations is that resistant mice 
destroy many of the inoculated malignant myelocj'tes and a small 
number of these cells multiply and form tumors in sites other than 
the spleen and liver; in the latter organs they perish. 

In one c.xperiment the role of resistance in the pathogenesis of 
myelosis was tested by inoculating mice whose resistance was de- 
creased by vailing amounts of X-rays. All mice used in this c.xperi- 
ment XYcre approximately 3 months of age and they were members of 
the same family (Ar). The result of this e.xperimcnt was as follows: 
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TRiVNSMISSION OF MYELOID LEUKEMIA OF MICE 


The increase in the number of mice with diffuse myelosis and in the 
number of successful inoculations suggests that the smallest dose of 
X-rays that increases susceptibility to transmissible myelosis is ap- 
proximately 100 r {cf. 5). 

Blood Changes 

Since the diagnosis of myelosis of Strain Ar 117 can be made by 
recognition of one or two malignant cells in the blood smear it seemed 
superfluous to undertake an elaborate quantitative study of mor- 
phological changes in the circulating blood. Two procedures were 
used to obtain malignant cells as free from other cells as possible: (o) 
inoculation of mice whose blood-forming tissues were depleted by 
irradiation; {b) production of tumor by subcutaneous or intraperi- 
toneal inoculation of the neoplastic blood cells. These procedures 
showed that the malignant cells of Strain Ar 117 are myelocytes with 
coarse basopliile granules that differ morphologically from non- 
malignant immature myeloid cells (Figs. 2, 3, 11 to 16). 

The size of these cells in fixed smears stained with Wright and Giemsa solutions 
varies greatly; their diameter is from 6 to 14^, with an average of about 10;u. The 
nucleus is vesicular or slightly indented or lobed. The cytoplasm is slightly or 
moderately basophilic and contains coarse granules that fail to stain with eosin 
and hematoxylin, but stain readily with Azure II. In blood smears there are often 
seen detached cytoplasmic masses with basophilic granules, as shown in Figs. 1 
and 2. The color of these granules varies somewhat in preparations stained with 
Romanowsky dyes; it is usually dark purple and sometimes it is reddish or very 
dark and almost black. They do not give the o.xydase reaction with Schultze’s 
indophenyl blue. 

It is doubtful whether the mouse possesses basophile granular 
leukocytes (mast cells), such as are found in man (8), but the common 
promyelocytes of the mouse have basophile granules somewhat 
smaller than those of the basophile myelocyte of Strain Ar 117 (Fig. 5). 
Tissue mast cells, readily demonstrable in lymph nodes of the mouse 
stained with eosin-azure according to Maximow, and occasionally 
seen in smears of lymph node, spleen, or heart blood post mortem, are 
much larger than myelocytes, their granules are much more abundant 
and more darkly stained (Fig. 6). Transitional forms between the 
tissue mast cells and the granular leukocytes of tlie bone marrow 
were never seen. 
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TRANSMISSION OF MYELOID LEUKEMIA OF MICE 


no microorganisms. Distant foci of metastases were found in mice that died or 
were killed at an advanced stage of the disease. The smears from the blood of 
these mice appeared normal or more often in the terminal stage of the illness 
showed basophUe myeloc 3 d;es. Metastatic infiltrations consisted of multiple 
white, firm tumors similar to the primary tumors and they were found attached to 
the bones, for example the rib, mandible, vertebra, bones of the skull and of the 
extremities, or in muscles and viscera. There w’as often mild diffuse m 3 'elosis of 
spleen and liver. 

After intraperitoneal inoculation there was extensive distention of 
the abdomen caused by the formation of numerous partly confluent 
tumors attached to the mesentery, diaphragm, and peritoneum (Fig. 
9). In the peritoneal cavity there was much milky effusion in which 
the cells were largely basophile myelocytes (Fig. 3). Blood invasion 
and formation of metastatic foci were similar to those observed in 
mice injected subcutaneously. 

After intravenous inoculation the changes were different in mice that 
died from 2 to 5 weeks after injection, from those in mice that died at 
a later date, but the time relation is only approximate. The former 
developed diffuse leukemic myelosis (Fig. 7); the latter developed 
myelomata with or without the diffuse systemic disease (Fig. 10). 

In order to study the early manifestations of the disease, irradiated 
mice inoculated intravenously were killed 4, 8, 12, and 18 days after 
inoculation. 

As early as 4 days after the inooJation, basophile m 3 'eIocytes were numerous 
in the pulp of the spleen. Their number was considerable 8 da 3 ^ after injection 
and they began to accumulate in the sinusoids of the liver and in the bone marrow. 
Their number per unit area was greatest in the spleen (Fig. 19), almost as great 
in the bone marrow (Fig. 22), and much less in the liver (Fig. IS). They multi- 
plied in these sites by naitosis. As they increased in the pulp of the spleen the 
l 3 unphoid follicles became smaller. In some mice mitosis was abundant in the 
lymphoid tissues, apparently as the result of regeneration following injur 3 '^ caused 
by X-rays. The malignant m 3 ^eloid cells showed progressive growth in the sinus- 
oids of ^e spleen. These became distended with basophile myeloc 3 'tes and con- 
tained only a few erythrocytes. In the bunph nodes there was slight accumulation 
of malignant myeloid cells in the lymph sinuses (Fig. 20). In several mice with 
diffuse myelosis there was a diffuse infiltration about the thoracic vertebrae and 
costovertebral angle, involving the muscle tissue and often causing weakness of 
hind legs. 
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DISCCSSIOX 

The experiments described here bring experimental proof for the 
assumption that myeloid leukemia of a mammal (mouse) is a neo- 
plasm, The malignant cells of the strain described are basophile 
myelocytes and they produce the systemic disease Trith leukemia but 
with no tumor formation in some animals, and multiple myeloma alone 
in others. 

The strain described has well defined characteristics that have 
remained constant throughout this study. These are: morphological 
peculiarities of the malignant myelocj’tes, relatively chronic course of 
illness, ability to form tumors in the injected subcutaneous tissue with 
little tendenc}' to invade the drculating blood. It is not probable 
that all myeloid leukemias of mice that will prove transmissible will 
behave in the same way. E.xperience with five strains of lymphoid 
leukemia (5) points to the contrary, since careful anah-sis of these 
transmissible strains has revealed distinguishing characters in each. 
More recent e.xperience with Ijunphoid leukemia of mice has confirmed 
these observations. Several strains have been observed that did not 
possess the ability to form tumors in the subcutaneous tissue; one 
strain was associated with icterus and eiy*throblastosis. 

An explanation of the difficulty of transmitting myeloid neoplasms 
is desirable since procedures such as those successfully applied to 
spontaneous myelosis Ar 117 have failed in numerous instances of 
similar disease. 

Two factors arc significant in determining whether diffuse myelosis 
or mv-eloma is produced; namely, the route of entrj' and the resistance 
of the host. A third factor, the inoculating dose, has been discussed 
in the tc.xt. Spontaneous multiple myeloma may be cither multi- 
centric in origin, such as the bone sarcoma produced by irradiation 
(f/. Marlland (9)) or may be uniccntric and develop after intravenous 
dissemination as in our resistant mice. Studies of Ivmphomatosis 
(r/. 5) indicate that there is a fourth factor that is probably highly 
significant in determining the tj-pc of myelosis; namely, the char- 
acter of the malignant myeloid cells. Tliis factor can be revealed 
only by transmission e.xpcriments made with several strains of myclo- 
.'is, under identic.al conditions. 
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The experimental disease produced by the malignant cells may be 
acute and destroy the mouse witliin from 2 to 3 weeks, or it may be 
chronic, causing tlie first manifestations of illness after about 2 months, 
progressing slowly, and causing the death of the animal from 4 to 5 
months after inoculation. Variations in the route of entrj^ resistance 
of the host, and inoculating dose may account for these differences. 
Thus the classification of leukemias into acute and chronic forms is 
highly arbitrary and does not distinguish different types of diseases 
(cf. 5). 

A single factor, e.g. resistance of the host, may delay the course of 
illness and modify its type. It has been shown that after intravenous 
inoculation with a large dose, irradiated mice (animals with low 
resistance) die within 2 to 3 weeks with systemic leukemic myelosis, 
whereas unirradiated mice of the same moderately resistant stock 
develop, instead of systemic myelosis, multiple myeloma. Evidently 
the resistant mice employed had the ability to destroy the malignant 
cells in the spleen and liver, but they were unable to cope •v\dth the 
malignant cells that lodged in some tissues favorable for their growth 
where they multiplied and produced tumors. The soil favorable to 
the best growth may differ with each malignant cell and may deter- 
mine some of the characteristic features of the strain. For example, 
the malignant myelocytes of Strain Ar 117 grow weU in areolar and 
muscle tissue; the malignant lymphocytes of our Strain Rg 10 favor 
the ovaries, and bilateral ovarian lymphosarcoma may be the only 
gross evidence of successful inoculation with this strain (cf. 5). 

Leukemias and tumors composed of either myeloid or lymphoid 
blood cells are similar mahgnant diseases, the manifestations of which 
depend on numerous factors, for example (a) character of the malig- 
nant cell, (b) route of entry (point of origin), (c) resistance of the host, 
(d) inoculating dose {i.e. number of cells that have undergone malig- 
nant transformation). The observation that with greatly decreased 
doses the course of the disease is only slightly lengthened is significant 
in relation to the effect of X-rays in leukemia. Irradiation of the 
entire body of leukemic mice with X-rays and radium prolongs the 
life of the animals, probably because these rays destroy many malig- 
nant blood cells (10). 
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SUMMARY 

A transmissible strain of myeloid leukemia of mice is described. It 
can be readily passed from diseased to healthy mice by the transfer of 
tissues that contain live cells; but inoculation fails when the latter are 
not present. 

Inoculation is successful in almost every mouse whose resistance is 
lowered by X-rays. It is often successful in mice related to the animal 
in which the spontaneous lexikemia took its origin, and occasionally 
successful in mice unrelated to it. 

The sj’^stemic diffuse disease (myeloid leukemia) is produced only by 
intravenous inociilation with relatively large doses, whereas sub- 
cutaneous or intraperitoneal inoculation results in the formation of 
tumors composed of myelocytes with basophile granules, in other 
words malignant blood cells of the strain described. 

Intravenous inoculation with small doses in susceptible mice, or 
similar inoculation with larger doses in somewhat resistant mice, re- 
sults in the formation of tumors composed of myelocj'tes (multiple 
myeloma). 


COKCLUSIOKS 

Exp>crimcnts demonstrate that transmissible myeloid leukemia of 
mice is a neoplasm. The malignant immature granulocj'tcs that 
produce the systemic disease may also produce tumors (multiple my- 
eloma). 

Some factors that determine the tj’pc of transmitted myelosis are 
(a) the resistance of the host, (6) the route of entr^’, (c) the character 
of the malignant cell, and, probably, (d) the inoculating dose. 
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EXPLANATION OF PLATES 

All blood smears were stained with Wright and Giemsa solutions, and the 
sections with eosin and Azure II solutions. The magnifications stated are ap- 
pro.ximate. 

Plate 17 

Fig. 1. Blood smear from spontaneous m 3 'eloid leukemia of Mouse Ax 117, 
showing two myelocytes with basophile granules, one immature poljTnorpho- 
nuclear leukocyte, one mature polymorphonuclear leukocyte, one unidentified 
large mononuclear cell, a small l 3 Tnphocyte, and a cytoplasmic mass with basophile 
granules. X 910. 

Fig. 2. Transmitted myeloid leukemia with myelocj'tes, an unidentified 
mononuclear cell, and a cytoplasmic mass with basophilic granules in the field. 
X 910. 

Fig. 3. Smear of peritoneal effusion that accompanied abdominal m 3 'elomatosis 
produced by transmission. X 910. 

Fig. 4. Blood smear in spontaneous myeloid leukemia of Mouse Af 372; (a) 
m 3 'eloblast; (&) and (c) m 3 ’^eloc 3 'tes; (</) immature pol 3 Tnorphonuclear leukocyte; 
(c) mature polymorphonuclear leukocytes; (/) cytoplasmic mass containing neutro- 
phUe granules. X 910. 

Fig. 5. A normal myelocyte from a smear of the spleen of a mouse with non- 
malignant myeloid metaplasia. X 910. 

Fig. 6. Tissue mast cell from the lymph node of a healthy mouse. X 910. 

Plate 18 

Fig. 7. Diffuse myelosis (myeloid leukemia) produced by transfer of m 3 ’-eIoid 
cells to an irradiated mouse. The spleen is greatl 3 '’ enlarged, the liver is moder- 
ately enlarged, and there are numerous small hemorrhagic infarcts in the lung. 

Fig. 8. Myeloid tumor produced b 3 ' subcutaneous inoculation. The tumor 
occupies most of the right lateral aspect of the mouse. There is no evidence of 
metastases. 

Fig. 9. Abdominal myelomatosis produced by intraperitoneal injection. The 
abdominal cavity is filled with tumor masses, diffusely infiltrating the mesentery 
and omentum. 

Fig. 10. Multiple myelomata in the left submaxillary region, ribs, vertebrae, 
muscles of the abdominal wall, and extremities, produced by intravenous inocula- 
tion of a moderately resistant, unirradiated mouse. 
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Plate 19 

Fig. 11. Myeloid leukemia produced bA* transmission to an irradiated mouse. 
There are nine myelocytes with basophile granules in the field. X 400. 

Figs. 12 to 16. ilyelocytes with basophile granules and one neutrophile PQI 3 *- 
morphonudear leukocyte (Fig. 13). Magnifications Figs. 12. 13, 15, 16 X 850; 
Fig. 14 X 400. 

Fig. 17. The liver of a mouse (Ko. Ar 117) with spontaneous mj'eloid leuke m ia. 
X 200. 

Fig. 18. Higher magnification of the liver of a mouse with transmitted m 3 'eloid 
leukemia showing distention of the sinusoids b>’ immature m 3 -doid cells with com- 
pression of the liver cells. X 750. 

Plate 20 

Fig. 19. Extensive infiltration of the spleen with compression of a hmphoid 
follide in a mouse with m 3 -doid leukemia produced by transmission. X ISO. 

Fig. 20. Accumulation of immature mA'doid cells in the sinuses of a hmiph node 
in a mouse (No. Ai 117) with spontaneous mp'doid leukemia. X 200. 

Fig. 21. Immature m 3 'doid cells infiltrating the abdominal musde after sub- 
cutaneous inoculation. X 150. 

Fig. 22. Extensive infiltration of the bone marrow with mp’docytes containing 
coarse basophile granules in mydoid leukemia caused bA* transmission. X 600. 
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EXPLANATION OF PLATES 

All blood smears were stained with Wright and Giemsa solutions, and the 
sections with eosin and Azure II solutions. The magnifications stated are ap- 
proximate. 

Plate 17 

Fig. .1. Blood smear from spontaneous mj'eloid leukemia of Mouse Ar 117, 
showing two myelocj'tes with basophile granules, one immature pol}Tnorpho- 
nuclear leukocjde, one mature polymorphonuclear leukocyte, one unidentified 
large mononuclear cell, a small lymphoc 3 ’te, and a cytoplasmic mass with basophile 
granules. X 910. 

Fig. 2. Transmitted myeloid leukemia with myelocytes, an unidentified 
mononuclear cell, and a endoplasmic mass with basophilic granules in the field. 
X 910. 

Fig. 3. Smear of peritoneal effusion that accompanied abdominal mn^elomatosis 
produced by transnaission. X 910. 

Fig. 4. Blood smear in spontaneous myeloid leukemia of Mouse Af 372; (o) 
myeloblast; (6) and (c) myelocytes; (rf) immature polymorphonuclear leukocyte; 
(c) mature polnmiorphonuclear leukocytes; (/) endoplasmic mass containing neutro- 
phile granules. X 910. 

Fig. 5. A normal myelocyte from a smear of the spleen of a mouse with non- 
malignant myeloid metaplasia. X 910. 

Fig. 6. Tissue mast cell from the lymph node of a healthy mouse. X 910. 

Plate 18 

Fig. 7. Diffuse myelosis (myeloid leukemia) produced by transfer of myeloid 
rpllt; to an irradiated mouse. The spleen is greatly enlarged, the liver is moder- 
ately enlarged, and there are numerous small hemorrhagic infarcts in the lung. 

Fig. 8. Myeloid tumor produced by subcutaneous inoculation. The tumor 
occupies most of the right lateral aspect of the mouse. There is no evidence of 
metastases. 

Fig, 9. Abdominal myelomatosis produced by intraperitoneal injection. The 
abdominal cavity is filled with tumor masses, diffusely infiltrating the mesentery 
and omentum. 

Fig. 10. Multiple myelomata in the left submaxillary region, ribs, vertebrae, 
muscles of the abdominal wall, and extremities, produced by intravenous inocula- 
tion of a moderately resistant, unirradiated mouse. 
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During the last tvs-o decades various methods of detenmning the 
pc^rof human sera to neutraUze poliomyelitis v^s have been 
Lplovcd and from them various clinical and cpidcmiolopc co 
clurio^s have been drawn. Few will deny that these studies have 
added to knowledge with regard to poliomyelitis but 
there is a growing belief that from some of them, _perhap= attc p 
have been made to obtain more cUnical and epide^ologic 
than the methods afford. For instance, although it is open to doub 
whether the methods used to make these determinations 
poliomyelitis are very accurate, one fact is becoming incr .. ^ - 
apparent; namelv, that in neutralization tests vnth poliomv clitis 
virus, different results maybe obtained with some human sera v.hcn 
tested with different strains of virus. Thus certain conva c.-ccn 
sera tested with a strain which has been recently isolated from a human 
case will act differently than when tested with a strmn which has licen 
subjected to a long series of monkey passages. It is our p.c. >nt pur 
p<isc to report similar comparative tests on sera obtained irom norm., 
human adults who did not give a historv' of having su.'p.incc .. rccn„ 
nir..able attack of poliomyelitis, and to discuss them in t .e t o* 
previous re.=ulls with S'jra from convalescent and r.o.ma^ {•'... o..s 
npresenting younger age groups. IT-c purpose ol suen a o.-ri. 
m.iinly concerns the specificity of the antigen used in such i.e^.ra 
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paring the two groups, Shaughnessy, Harmon, and Gordon (8) found that antiviral 
titres of individual samples of normal sera appeared to he more potent in then- 
action against the virus than were those of the sera of convalescents. Brodie (9) 
found that in 70 per cent of his normal adult sera the neutralising power was about 
four-fifths that of pooled convalescent sera, and in 30 per cent it was equal in 
titre. Subsequently Howitt (10) pointed out that the average power of individual 
samples of convalescent sera to neutralize poliomyelitis virus was perhaps less than 
had been generally supposed. This fact becomes even more e\'ideat if one com- 
piles from the literature the available series of tests on individual samples of serum 
in which virus: serum mixtures have been set up in a dilution of 1:1, 1 - 2 , or 1 :3, 
and compares the normal with the convalescent results according to age groups. 
In fact, with the exception of Aycock’s convalescent findings (7) (which are not 
included because they were based on pooled lots of sera), the average neutralizing 
power of individual samples of convalescent sera reported in the literature seems 
to be uniformly less in all age groups than that of normal sera. The many observa- 
tions on this point will not be transcribed in detail but general trends of the results 
by different investigators are shown by the graphs in Fig. 1. In this figure we 
have included only those series of tests which have been reported since 1929. Prior 
to that date the number of reported tests in different age groups was small and 
certain variations in technique render a comparison with the recent vrork somewhat 
difficult. There are still technical differences which involve some of the results 
shown in Fig, I , but only those tests have been included in which virus : undiluted 
scrum mixtures have been set up in a proportion of 1:1, 1 :2, or 1 ;3. 

With the results e.tprcsscd as they arc in Fig. 1, and in so far as the data go, 
it will be seen that individuals from rural districts have less than the normal, 
average amount of antiviral substance, and that contacts appear to have a little 
above the average, as do also individuals from regions where poliomyelitis b 
thought to be rare. There b no evidence that the acqubition of the clmical disease 
in the remote or recent past, gives rbe to an increase in antiviral substance when 
tested with passage strains, although it b unfortunate that so few tests are 
reported in the literature which have been done on convalescent sera from children. 

c sh.all review next the question of variation in the virus and the com.narbon? 
between r.cutralbalion tests performed with different strains. That old p.as5age 
rtr.ains of poliomyclitb virus may exhibit slight immunological di;Tcrcr.cc<, one from 
another, was desenbed in 1929 by Stewart and Rhoads (21). That more Cisiiy 
dcrr.onsi.’-.-'.blc diffc.-cnces existed between a strain recently belated from a human 
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viral properties appear in the blood of the convalescent or immunized 
monke)’-, and, more or less coincidently, the animal may be found to 
be immune to a subsequent intracerebral inoculation of the virus. 
In human sera (both convalescent and normal) tlie presence of sub- 
stance which neutralizes poliomyelitis virus has, by analogy therefore, 
been taken as a measure of “immunity,” although it is recognized, of 
course, tliat the extent to whiclr the mere presence of such neutraliz- 
ing antibodies represents immunity is a matter of some speculation. 
But the difference between tlie situations in the monkey and in man is 
that in the monkey neutralization tests have usually been made with 
the actual strain whicli induced the experimental disease, whereas 
most human sera have been tested with strains of virus which may be 
quite different from those which induce the human disease. As a 
result it now seems questionable whether human immunity to polio- 
myelitis has been very accurately determined by the methods em- 
ployed in the past and it will be with this fact that this paper will be 
concerned. 

The early methods of performing virus neutralization tests in poliomyelitis, 
the results, and their interpretations will not be reviewed because the reader may 
be referred to a recent article by Wells (1) for a summary of these subjects. In 
the majority of these and subsequent studies it was assumed that the presence in 
human blood of a given amount of substance which neutralized poliomyelitis 
virus was a reliable test for immunity in this disease. On this basis comparisons 
have been made between tests performed on sera from patients who had sustained 
frank attacks of poliomyelitis, from contacts, and from individuals who were not 
known to have been contacts or to have sustained a recognized attack of the disease. 
Interpretations have also been drawn from comparisons made between tests on 
the sera of normal indhdduals from this countrj^ as opposed to those from regions 
where clinical poliomyelitis is thought to be rare, such as; Porto Rico (2), Liberia 
(3), Greenland (4), and certain parts of China (4, 5). Similar interpretations have 
been drawn from the results of tests on normal individuals from the northern as 
opposed to the southern part of this country (6) ; and on normal children and adults 
from rural districts as opposed to normal urban individuals of the same age groups 
(7, 8). All of these tests were performed wdth strains of the virus which had 
been passed through monkeys many times. 

Almost from the beginning of this work it became apparent that the average 
neutralizing power of sera from normal, adult individuals did not differ much from 
that of the sera of convalescents, most of those tested also being adults. In com- 
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paring the tvro groups, Shaughnessy, Hannon, and Gordon (8) found that antiviral 
titres of indiiddual samples of normal sera appeared to be more potent in thdr 
action against the virus than vrere those of the sera of con\*alescents. Brodie (9) 
found that in 70 per cent of his normal adult sera the neutralizing povrer vas about 
four-fifths that of pooled convalescent sera, and in 30 per cent it vras equal in 
titre. Subsequently Howitt (10) pointed out that the average power of individual 
samples of convalescent sera to neutralize poliomyelitis virus was perhaps less than 
had been generally supposed. This fact becomes even more evident if one com- 
piles from the literature the available series of tests on individual samples of serum 
in which virus; serum mixtures have been set up in a dilution of 1:1, 1:2, or 1:3, 
and compares the normal with the convalescent results according to age groups. 
In fact, vrith the exception of Aycock’s convalescent findings (7) (which are not 
included because they were based on pooled lots of sera), the average neutralizing 
power of individual samples of comnlescent sera reported in the literature seems 
to be uniformly less in aU age groups than that of normal sera. The many observa- 
tions on this point will not be transcribed in detail but general trends of the results 
by different investigators are shown by the graphs in Fig. 1. In this figure we 
have included only those series of tests which have been reported since 1929. Prior 
to that date the number of reported tests in different age groups was small and 
certain variations in technique render a comparison with the recent work somewhat 
difficult. There are still technical differences which involve some of the results 
showa in Fig. 1, but only those tests have been included in which virus : undiluted 
scrum mixtures have been set up in a propwrtion of 1 : 1, 1 :2, or 1 :3. 

With the results expressed as they arc in Fig. 1, and in so far as the data go, 
it will be seen that individuals from rural dktricts have less than the normal, 
average amount of antiviral substance, and that contacts appear to have a little 
above the average, as do also individuals from regions where poliomyelitis is 
thought to be rare. There is no evidence that the acquisition of the clinical disease 
in the remote or recent past, gives rise to an increase in antiviral substance when 
tested with p-assage strains, although it b unfortunate that so few tests arc 
reported in the literature which have been done on convalescent sera from children. 

\\ c shall review next the question of variation in the virus and the comparisons 
between neutralization tests performed vviih different strains. That old piassacc 
s trains of p>oliomye!it is virus m.ay exhibit slight immunological differc.ncei, one fro.m 
.mother, vas described in 1929 by Stewart and Rhoads (21). That more c.'.«i!y 
demonstrable differences existed between a strain recently isolate! from a human 


ca'^r. and .v strain which had been passed through monkeys m.i 
ob-e.-vei in JO.Vi by Rantct and M.’cna.m.i.'a (22). The principles 
vaii.m have sub<equcr.t!y been confirmed (23. 24. 20, 25 ). There 


to ! 


th..vt r.H ruth recently Isoiatci strains arc alike, and the act 


nv times w.as 


vf t.riri r 


n*) c".-i Icr.cc 
uM of 


have l*ctn f. 


-vti'-n tests on human sera in which rwults w ith several ‘tra’r.< 
ed i' few.". Ncvcrthclerr, evi lenre has appe-a.-e-l in tl t litrsature 



450 


NEUTRALIZATION TEST IN POLIOMYELITIS 


to suggest that the situation shown in Fig. 1 would be altered if the tests had been 
done with so called "human” strains.^ 

For instance, in comparing the neutralizing action of different human sera on 
their Australian human strain and on a New York passage (M V) strain, Burnet and 
Macnamara (22) found that although pooled, convalescent sera would neutralize 
both strains, a few tests with individual samples of convalescent sera failed to 
show this parallelism, in that only the human strain was neutralized. 

Later Flowitt (20) made similar, comparative observ'ations upon seven samples- 
of adult, convalescent sera. All of these convalescent sera neutralized her 1931 
human strain, whereas less than half of these sera neutralized her passage (if V) 
strain. Howitt concluded that in judging the neutralizing ability of human sera 
it would seem preferable to emploj' a virus that had not undergone too great a 
modification by repeated transfer through monkeys. It is worth noting that the 
conclusion was based on work with a human strain which was not derived from the 
epidemic in which Howitt’s patients had sustained their attacks of poliomyelitis. 

We (25) have also performed this tj-pc of e.xperiment upon sera obtained from 
children in which tests with our human (W — 7th passage) strain were compared 
to those of a passage (!M) strain. The children tested were either normal, contacts, 
or in early or late convalescent stages of an abortive or frank attack of polio- 
myelitis. Their e.xposure to, or acquisition of the disease occurred in the same 
epidemic from which the human strain was isolated. From the results, and in 
spite of the present difficulties inherent in the technique, it has seemed that those 
tests performed witli the human strain gave a better concept of antiviral properties 
induced by the human disease than did similar tests performed with the passage 
strain. 

It has been our object in the present study to amplify the pre- 
viously reported results by performing a comparative series of tests on 
samples of sera from normal adults using two human and two passage 

^ Hereafter the term human strain "will be used in this article to designate a 
strain recently isolated from a case of human poh'omj'elitis. The terms human 
and passage in referring to strains of poliomyelitis virus have not been defined. 
They are employed in this article because of priority of usage (23, 24). Criticism 
might be raised against our use of the term human, in referring later to seventh 
and tenth passage strains. As it is almost impossible at present to perform neu- 
tralization tests with strains in their first few passages because of their low viru- 
lence for the monkey, the term human strain will be defined in this article as refer- 
ring to a strain which has not been passed many times beyond the point at which 
it is suitable for use in neutralization tests. Passage strains represent those 
strains passed many times beyond this point. Although both our human strains 
(W and F) came from the same epidemic, the W strain should perhaps be qualified 
by the terms, — 1931, New Haven (seventh passage); and the F strain as, — 1931, 
New Y'ork (tenth passage). 
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to suggest that the situation shown in Fig. 1 would be altered if the tests had been 
done with so called “human” strains.^ 

For instance, in comparing the neutralizing action of different human sera on 
their Australian human strain and on a New York passage (M V) strain, Burnet and 
Macnamara (22) found that although pooled, convalescent sera would neutralize 
both strains, a few tests with individual samples of convalescent sera failed to 
show this parallelism, in that onl}’ the human strain was neutralized. 

Later Howitt (20) made similar, comparative obscrv’ations upon seven samples • 
of adult, convalescent sera. All of these convalescent sera neutralized her 1931 
human strain, whereas less than half of these sera neutralized her passage (M V) 
strain. Howitt concluded that in judging the neutralizing ability of human sera 
it would seem preferable to emplo}' a virus that had not undergone too great a 
modification by repeated transfer through monkeys. It is worth noting that the 
conclusion was based on work with a human strain which was not derived from the 
epidemic in which Howitt’s patients had sustained their attacks of poliomyelitis. 

We (25) have also performed this type of experiment upon sera obtained from 
children in which tests with our human (W — 7th passage) strain were compared 
to those of a passage (M) strain. The children tested were either normal, contacts, 
or in early or late convalescent stages of an abortive or frank attack of polio- 
myelitis. Their exposure to, or acquisition of tlie disease occurred in the same 
epidemic from which the human strain %vas isolated. From the results, and in 
spite of the present difficulties inherent in the technique, it has seemed that those 
tests performed with tlie human strain gave a better concept of antiviral properties 
induced by the human disease than did similar tests performed with the passage 
strain. 

It has been our object in the present study to amplify the pre- 
viously reported results by performing a comparative series of tests on 
samples of sera from normal adults using two human and two passage 

^ Hereafter the term human strain will be used in this article to designate a 
strain recently isolated from a case of human poh'omyelitis. The terms human 
and passage in referring to strains of poliomyelitis virus have not been defined. 
They are employed in this article because of priority of usage (23, 24). Criticism 
might be raised against our use of the term human, in referring later to seventh 
and tenth passage strains. As it is almost impossible at present to perform neu- 
tralization tests with strains in their first few passages because of their low viru- 
lence for the monke}^ the term human strain will be defined in this article as refer- 
ring to a strain which has not been passed many times beyond the point at which 
it is suitable for use in neutralization tests. Passage strains represent those 
strains passed many times beyond this point. Altliough both our human strains 
(W and F) came from the same epidemic, the W strain should perhaps be qualified 
by the terms, — 1931, New Haven (seventh passage); and the F strain as, — 1931, 
New York (tenth passage). 
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jecled is unknown. After one passage just prior to its use in our c.-eperiments 
(Nov., 1933), a titration of the material showed that 0.5 cc. of a 0.01 per cent sus- 
pension would infect a monkey (a smaller dose was not tried). i^Iatcrial from a 
single animal (No. 1-74) was used for all neutralization tests. The dosage em- 
ployed was a 1 per cent cord suspension mixed with one part of undiluted serum. 
When this dose was mixed with an equal part of normal monkey serum and inocu- 
lated intracerebrally in 0.5 cc. amounts into three monkeys the average incubation 
period was 4 days, the febrile period IJ days, and all tliree of the monkeys died, 
as did all other monkey's which contracted the experimental disease in the course 
of tlie neutralization tests with this strain. 

M Siraii :. — This highly virulent strain was obtained through the kindness of 
Drs. W. H. Park and E. R. Weyer from the Bureau of Laboratories, Department 
of Health, City of New York. It is a mixed strain and so its origin, or die number 
of monkey passages to which it had been subjected, is unknown. Since we 
received it in September, 1931, it has had two furtlier passages. ^Material for all 
neutralization tests came from a single animal (No. 1-49) and was prepared as a 
0.2 per cent suspension, which was mixed witli one part of normal monkey serum 
and injected intracerebrallj' in 0.5 cc. amounts. The experimental disease in 
nine monkeys showed an average incubation period of 5 daj-s, a febrile period of 2 
days, and a mortality of 100 per cent. 

Technique of N cutralization Tests . — ^This will not be described in detail because 
tlie methods employed have been given in a preidous publication (25). It may 
sufEce to say that the four strains were employed in the dosages mentioned above, 
and were mixed witli an equal part of undiluted serum in all of our experiments 
reported in this paper. This mixture was placed in the incubator for 2 hours and 
monkeys were inoculated intracerebrally in 0.5 cc. amounts. Daily temperature 
readings were taken over a period of 4 weeks, on all animals thus inoculated. If 
any animal died within this period from some cause otlier than experimental 
poliomyelitis tlie test was repeated. In the course of the 126 neutralization tests 
performed in this series of experiments, three such animals died during the 4 
week period of observation; two from d 3 'senterj% and one from a brain abscess. 
Individual monkej^s were used one to eight times in the course of these experiments 
which were carried out over a period of a j-ear. 

In all experiments in which the neutralizing power of indmdual samples of 
human sera were tested, two control tests were emploj’ed; a protected control, — 
in which pooled com^escent serum was mixed with the virus, — and an unpro- 
tected control, — in which normal monkey serum was mixed with the xurus. If 
une.xplained results occurred in the controls tlie e.xperiment was discarded. A 
result of this tjqie occurred once in fourteen e.xperiments. It was an experiment 
in which the W strain was used, and tlie protected control developed die experi- 
mental disease after a long incubation period. In another experiment, in which 
the hi strain was used, the unprotected control failed to develop the e.xperiniental 
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jectcd is unknown. After one passage just prior to its use in our experiments 
(Nov., 193v3), a titration of the material showed that O..^ cc. of a 0.01 per cent sus- 
pension would infect a monkey (a smaller dose was not tried). Material from a 
single animal (No. 1-74) was used for all neutralization tests. The dosage em- 
ployed was a 1 per cent cord suspension mi.\cd with one part of undiluted serum. 
When this dose was mixed with an equal part of normal monkey scrum and inocu- 
lated intraccrcbrally in 0.5 cc. amounts into three monkeys the average incubation 
period was 4 days, the febrile period IJ days, and all tlircc of the monkeys died, 
as did all other monkc 3 's whicli contracted the experimental disease in the course 
of the neutralization tests with this strain. 

M Strain . — ^This liighl}' virulent strain was obtained through the kindness of 
Drs. W. H. Park and E. R. Weycr from the Bureau of Laboratories, Department 
of Health, Citj'^ of New York. It is a mixed strain and so its origin, or tlie number 
of monkey passages to whicli it had been subjected, is unknown. Since we 
received it in September, 1931, it has had two furtlier passages. Material for all 
neutralization tests came from a single animal (No. 1-49) and was prepared as a 
0.2 per cent suspension, ivhich was mixed with one part of normal monke}' serum 
and injected intracerebrallj’' in 0.5 cc. amounts. The e.xperimental disease in 
nine monke>'’s showed an average incubation period of 5 days, a febrile period of 2 
daj's, and a mortalitj'’ of 100 per cent. 

Technique of Neutralization Tests . — This w'ill not be described in detail because 
tlie methods employed have been given in a previous publication (25). It may 
sufhee to say that the four strains were emploj'ed in the dosages mentioned above, 
and were mixed with an equal part of undiluted serum in all of our experiments 
reported in this paper. This mixture was placed in the incubator for 2 hours and 
monkeys were inoculated intracerebrally in 0.5 cc. amounts. Dailj' temperature 
readings -were taken over a period of 4 weeks, on all animals thus inoculated. If 
any animal died within this period from some cause other than experimental 
poliomyelitis the test was repeated. In the course of the 126 neutralization tests 
performed in this series of experiments, three such animals died during the 4 
week period of observationj two from d}'sentery, and one from a brain abscess. 
Individual monlceys were used one to eight times in the course of these experiments 
which were carried out over a period of a j'ear. 

In aU experiments in which the neutralizing power of individual samples of 
human sera were tested, two control tests were employed; a protected control, — 
in which pooled convalescent serum was mixed with the virus, — and an unpro- 
tected control, — ^in whicli normal monkej’' serum was mixed with the virus. If 
unexplained results occurred in the controls tlie experiment was discarded. A 
result of this type occurred once in fourteen e.xperiments. It was an e.xperiment 
in which the W strain was used, and the protected control developed the e.xperi- 
mental disease after a long incubation period. In another e.xperiment, in which 
the M strain was used, the unprotected control failed to develop the e.xperimental 
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disease but tbi-; monkey, whicb •was used through an error, ■was subsequently 
sho-wn to be resistant to a larger dose of this virus.’ 

The results of these tests have been expressed onlj' in terms of a 1:1 serum: 
xorus mixture. A plus sign signifies that neutralizing properties ■were present in 
the serum, in that the animal did not develop the experimental disease ■within the 
4 ■week period of obseivation; a minus sign signifies that neutralizing properties 
were absent, in that the animal developed the experimental disease ■within a few 
days of the incubation period (to the onset of fever) sho'wn by the unprotected 
control; and a plus-minus sign signifies so called partial neutralization, in that the 
incubation period was prolonged for a period of 6 or more da\-s bej'ond that 
exhibited by the unprotected control, the longest incubation period noted in aU 
of the experiments being 28 days. A questionable plus sign indicates that three 
tests were performed and that plus represents the majoritx’ result, but that dis- 
crepancies occurred in one of the three tests. Protocols of our e.tperimcnts appear 
at the end of the paper (Table II). Here it will be seen that thirteen of the 
passage strain tests were repeated in satisfactory experiments either one or two 
times. In sixteen repetitive tests discrepancies were encountered t^wice (=; as 
opposed to -h once, and — as opposed to once). 

By comparing the results of repetitive tests vrith those prexioush" reported 
(25) we find that discrepancies have been noted with the W strain in about 11 
per cent of eighteen tests, and nith passage strains in about 8 per cent of twenty- 
five tests. These c.xperiences are mentioned to emphasize that in our hands 
miknown factors of error in the use of this test arc not uncommon, and they reflect 
to some c.xtcnt the c.xpericncc of others (7). 

One criticism of the technique of our comparative tests is that different dos- 
ages were used for the human strains than were used for the passage strain experi- 
ments. Owing to differences in virulence for the monkey exhibited by these 
strains thb has proved a variable ■which we could not overcome. However, in 
comparing the human and passage strain tests described in this paper with those 


’ In order to conserve monkev-s in the passage strain experiments wc frequently 
used as the unprotected control a monkey which had recovered from a \V strain 
infection. In a previous communication (25) we found that, provided 10 vvcclus 
or more had elapsed between the two inoctilalions, an antecedent infection by the 
strain did not protect against an intracerebral inoculation of the M .■strain in 
the dose used for the neutralization tests. Reinfection occurred in the six instances 
in which the experiment was tried. .•V smaller number of c.xpcrimcnls has also 
shown th.it the .\ycock strain will also reinfect. Previously infected monkeys of 
this tv-pe were therefore used not only as unprotected controls, but a!."! .vs checks 
on some of the pas'aec strain neutralization tests (sec protoa’ils in T.vf/lc ID. 
Toe rcs-jlts of these check tests were onlv accepted if the m.onkev s'jb=.e-;-.;c.';!lv 
pruvcfi to be susreptib'.c. 
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which we have previously reported (25) we can find no evidence to show that this 
variable influences the results in any particular direction. 

Sera Employed . — ^Fourteen samples of normal adult sera obtained from indi- 
viduals ranging from 21 to 45 years of age, who did not give a historj’’ of having 
had a recognized attack of poliomyelitis, were used in the course of these experi- 
ments. These samples were collected in New Haven during the summer of 1931 
when poliomyelitis was epidemic in that cit3\'* One specimen was obtained from 
a physician who had been exposed to poliomyelitis in the course of his hospital 
duties; the others were from individuals who offered tlieir blood for therapeutic 
purposes to a member of their family ill with the disease. Two samples of con- 
valescent sera obtained from adults who had sustained attacks of poliomyelitis 
in childhood, were included as controls in this series. Serum or blood from all 
of these individuals had been used for therapeutic purposes in 1931, and, as some 
of the patients so treated had apparently done well and others had done badly it 
was one of our original objects to attempt to correlate the supposed therapeutic 
efficacy of the serum or blood with the results of the neutralization tests. The 
outcome of the tests W'as such that no such correlation could be made. 

Although collected during the summer of 1931 and subsequentlj'- kept in the 
ice box, these sera were not tested until 20 to 32 months had elapsed. It is pos- 
sible that the neutralizing power of some might have deteriorated between the 
20th and 32nd month but no e\ddence of this supposition was apparent in the course 
of the e.xperiments. The majority of tests with the passage strains were per- 
formed between the 28th and 32nd month. Inasmuch as none of the sera failed 
to neutralize completely the passage strains of virus, which were the last tests 
performed, there was no evidence that this particular neutrah'zing property had 
been lost by deterioration through aging. 

RESULTS 

The results of our series of neutralization tests made with four 
diSerent strains of poliomyelitis virus on fourteen samples of normal 
(or contact) adult sera and two adult convalescent sera appear in 
Table I. Comparisons between the different strains may be expressed 
on a percentage basis if we assume that when partial neutralization 
is observed with one strain, and either no neutralization or complete 
neutralization with another, a 50 per cent agreement exists; or, that 
when questionably positive neutralization is observed with one strain 

^ Criticism may be applied to the term normal in referring to these individuals. 
Some of them were intimate contacts. The difficulty of defining the degree of 
contact in this group was such, however, that it has seemed more practical to 
consider them all as normal, particularly as we do not believe that tlie differentia- 
tion is pertinent to the problem under investigation. 
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tests noted "with the W strain vras 71; vrfth the F strain 71, vrith the 
Aycock strain 95, and -vrith the M strain 92. 

Our pre-vdously reported comparative results -were performed on 
sera from normal children, or children who were in early, late, or con- 
valescent stages of abortive or frank attacks of poliomyelitis. In 
this younger group, which was largely composed of recent convales- 
cents, not only was there less agreement in the results obtained with 
the two strains than in the normal adults, but the character of dis- 
agreement was generally in the opposite direction; namely, a higher 
percentage of positive neutralization tests was obtained with the 
human strain. 

The sum total of our results on different types of sera can perhaps 
be best expressed in terms of graphs which appear in Fig. 2. These 
have been devised along the same lines as those in Fig. 1. Here it 
becomes apparent that in our passage strain experiments there is 
little evidence that the acquisition of either frank or abortive polio- 
myelitis has any influence upon the results of the tests, and by com- 
paring the right half of Fig. 2 -vrith Fig. 1, it -will be noted that our 
experience -with this passage strain has, in general, been similar to 
those of others -with passage strains. \Mth the human strain there is 
closer agreement -with events which one might predict on the basis of 
analogj* with other virus diseases; or in other words, in childhood at 
least, the acquisition of the clinical disease tends to elevate the “anti- 
human” viral properties in the blood, although this elevation may 
not be permanent.^ 


COMitENT 

In reviewing our results it should again be pointed out, as has been 
done in a previous article (25) that many factors arc unkno-ivn regard- 
ing the neutralization test in poliomyelitis. These include: (c) the 
extent to which a positive test signifies immunity; (/») the time of 


‘\\c found in prwous Trork { 25 ) that ia testing con\-n!e<ccnt sc.-a from mi! 1 
al'ortivc auaci.s of tK>liomyclitis the c!c%‘atioa of *'anli-humar." wm! sub't.inrc in 
the blcKx! tv-s occnsion-iUy transient. Thus an increase in antiviral sub'tancc. 
demons'rate^i in two patients in the (.^ week) con\-alc£ccr.t ramp’.e. was not demon- 
rtrated in a later (14 month) sample. This transient inermse was not noted in 
f cvcral paralytic cons-alcrcmts similarlv teste-.f. 
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appearance and duration of neutralizing antibodies in the blood after 
an individual has sustained an attack of the disease; and (c) the 
specificity of antiviral substance detected by this method. Further- 
more, methods of performing neutralization tests in poliomyelitis 
are not ver}’' accurate, and perhaps this criticism can be more justly 
applied to human than to passage strain experiments. The expense 
involved, whicli precludes the performance of large numbers of re- 
petitive tests, and the differences in resistance to infection exhibited 
by different monkeys, tend to vitiate the results obtained. From the 
character of tlie methods employed, therefore, all one can perhaps 
learn are certain trends or directions in which the results seem to fall. 
The interpretation of these trends or the clinical or epidemiologic 
significance of an experiment of this tj^ie is dependent, of course, upon 
the nature of the differences between different tj-pes of poliomyelitis 
virus. This unfortunately is unknown. The implication is, perhaps, 
that the difference between human and passage strains is comparable 
to the difference between the street virus as opposed to the fixed virus 
of rabies; or between yellow fever virus recentl}^ isolated from a human 
case by monkey inoculation as opposed to yellow fever virus which has 
been adapted to infect mice. However, as far as poliomyelitis virus 
is concerned, sufficient data do not exist on which to base such an 
analogy. There is no evidence that all human strains of poliomyelitis 
virus are alike. There is no evidence that the strains which we and 
otliers have designated as human would necessarily acquire the 
properties of passage strains if they were carried further through five, 
ten, or twenty monkeys. These and other featm*es go to show that 
the significance of human versus passage strain experiments in polio- 
myelitis is unknown and that such experiments should be taken at 
face value and do not warrant wide interpretations. 

SUMMARY 

In experiments devised to compare the neutralizing action of normal 
adult human sera on different strains of poliomyelitis virus, and to fill 
in certain gaps in our series of neutralization tests with different 
strains of virus on different tjqies of cases in different age groups, we 
have made the following observations. 

1. The difference between two human and two passage strains of 
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the viras when tested by this method amounted to about 25 per cent, 
and there was less power in normal adult sera to neutralize human 
than passage strains of virus. 

2. The differences between the two human strains amoimted to 15 
per cent, and between the two passage strains to 8 per cent, the last 
figure falling within the limits of the experimental error of the method. 

The extent to which these findings affect certain concepts with 
regard to the epidemiology of poliomyelitis based on passage strain 
neutralization experiments cannot be determined from the data pre- 
sented in this paper, except that they more or less confirm the view 
previously derived from passage strain experiments, that 70 to 95 per 
cent of normal urban adults possess in their blood, substance which 
neutralizes poliomyelitis virus in a given amount. However, certain 
other indications appear when the present results are supplemented by 
those we have previous^ obtained (25). Primarily, we have found 
no relation between the clinical acquisition of poliomyelitis and the 
presence of substance in the serum which neutralizes a passage strain 
of poliomyelitis virus. Wdth a passage strain the results seem rather 
to bear a closer relationship to age than to illness. i\dth a human 
strain we have obtained results in which there is some evidence, shorni 
only in the juvenile group, that acquisition of the clinical disease is 
accompanied by the appearance of antiNural properties in the blood. 
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In trying to obtain really comparable results with the various diets 
two difficulties were immediately encountered — the difficulty of time 
and the difficulty of weight. If, in brief, the rats lost weight uniformly 
on all the diets and if all the blood protein determinations could be 
made after the same time interval, then the results would be truly 
comparable. This was impossible, as a study of Fig. 1 which shows 
the weight curves demonstrates. On the diet of casein alone, for 
example, the rats eventually weighed very little less than at the start 
of the experiment; on all tlie other diets there was progressive weight 
loss but at varying rates of speed. It was decided therefore to esti- 
mate the proteins in all groups (except the 100 per cent casein group) 
when a uniform amount of weight loss — approximately 35 per cent of 
the original — had taken place. This is the maximum loss which rats 
on any defective diet can tolerate safely; if one pushes the experiment 
beyond this point certain individuals die even though some can survive 
further depletion. 

It is of interest (see Fig. 1) that speed of weight loss did not vary 
directly with percentage of protein in the diet when protein was 20 
per cent or less. We are not sure that this observation is statistically 
valid; perhaps with larger groups of rats there would have been a cor- 
relation. The point of importance is that with all the smaller protein 
rations there was very rapid weight loss in contrast to the 50 per cent 
and 100 per cent casein diets. The exact amount of food taken by 
each rat could not be measured but since a superabundance was offered 
it is probable that lack of appetite plays at least a part in the instances 
of weight loss. 

None of the rats on any of the diets showed the usual signs of vitamin 
deficiency — eye dystrophies, disturbances of hair, diarrhea, etc. 
There were no gross lesions at autopsy but there was a rough correla- 
tion between weight loss and the amount of intra-abdominal fat. 

RESULTS 

1. Diet of Casein Alone. — Thirty-four rats were fed casein alone. 
Batches of 4-6 were killed on the 6th, 28th, 42d, 9Sth, 119th, and 140th 
days. A composite weight curve is shown in Fig. 1. It is seen that 
the animals lost weight rapidly for about 3 weeks, reached a level, and 
then gained so that on the 100th day they were only 10 per cent under 
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3. Diet of Casein 20 Per Cent and Starch-Lard SO Per Cent. — Sixteen 
rats were placed on this diet. As shown by the composite curve in 
Fig. 1 tliere was rapid and progressive weight loss. Eight of the 
animals were killed on the 56tli day. Their weight had fallen to 57 
per cent of the original value and the serum protein concentration 
(pooled) Avas 5.84 gm. per cent. The remaining eight rats were killed 
on the 63d day. They had not lost as much and still weighed 70 per 
cent of the original value. The serum proteins were 6.11 gm. per cent. 
These values for serum protein concentration are only very little below 
normal and it is evident that even on a diet which leads to rapid loss 
of weight a relatively small amount of protein suflSces to prevent 
material lowering of blood protein concentration. 


TABLE I 

Total Scrum Proteins of Rats on a Diet of Casein Alone 


Batch No. 

No. of rats 

Length of time on 
diet 

Total scrum proteins 



days 

gm. per cent 

Controls on stock diet 


6.25-6.50 

A 

6 

6 

6.57 

B 

6 

28 

6.07 

C 

6 

42 

6.06 

D 

6 

98 

6.17 

E 

6 

119 

6.25 

S 

4 

140 

6.37 


4. Diet of Casein 10 Per Cent and Starch-Lard 90 Per Cent. — ^Eight 
rats were used. The composite weight curve is shown in Fig. 1. 
On the 85th day the pooled serum proteins were 5.22 gm. per cent. 
Here for the first time we find a drop to a level definitely below normal. 
It is not, however, outside the bounds of the “initial” or “physio- 
logical” drop which occurs during the first few days on any low protein 
diet. 

5. Diet of Casein 5 Per Cent and Starch-Lard 95 Per Cent. — Fifteen 
rats were used. Ten were killed on the 47th day (weight 67 per cent 
of initial value) and the serum proteins were 5.46 gm. per cent. Five 
were killed on the 53d day (weight 66 per cent of initial value) with 
serum proteins 5.55 gm. per cent. These values are definitely not 
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table n 

Summary of Ejjccl of Vcrm<s Rations or^Scrum^P ro^^^ 

1 Duration of »p--*nc=t I 


Did 


— 

icyt 

/ff emt 

Casein alone 

120-140 

lOi 

Casein 50% 1 

Starch-lard 50% 1 

150 

33 

Casein 20% 

Starch-lard 80% 

63 

30 

Casein 10% 
Starch-lard 90% 

1 

36 

Casein 5% 

Starch-lard 95% 

1 ^ 

34 

Casein 1% 
Starch-lard 99% 

1 

34 


in, 

6 . 25 -- 6-'57 

6.25 


6.11 


5.46 


5.55 


5.59 


WEhcr thee thst obtemcd in the rets which received 5 end 10 per cent 
of oascin. . , reported at length 

studies of the effect of this diet on in" S protein 

usual initial drop often folloivcd by no mrtl 

although in some groups of rats , This diet , 

we have obtained values of from -oO .. . ^ J! , . .,^..1 a 
however, with no proteins, vit.amins. or salL<=. sub.ects t... 

drastic .attach on its nutrition. . , .. 

Idle results of all the experiments arc sum i- '-t* 
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DISCUSSION 

To make clear the significance of these experiments: We have 
previously demonstrated that on low protein diets there is a prompt 
(few days) fall of serum protein concentration in the rat from a control 
level of 6.25-6.50 to a level of 5.25-5.50 gm. per cent. The drop 
amounts roughly to about 20 per cent. Thereafter, even if the low 
protein diet is continued for long periods there may be no further de- 
cline of serum protein concentration. The object of the present ex- 
periments was to determine witli successive decreases of protein in the 
diet at what point the phenomenon of the initial drop took place. 

It appears that with protein rations of 50 per cent or over there was 
no drop at aU in the concentration of serum proteins. With the 20 
per cent casein diet there was a very slight lowering of questionable 
significance. With protein rations under 20 per cent there was no 
further fall after the initial drop of approximately 1 gm. per cent 
regardless of whether protein made up 10, 5, or 1 per cent of the diet. 

These experiments seem in accord with the view that a certain 
fraction of the serum proteins can be called on for metabolic purposes 
when the intake is inadequate. WTien this fraction has been dis- 
posed of, however, further fall of blood protein concentration can be 
achieved only by drastic procedures as if there were a resistance to 
alteration of the fundamental structure of blood coUoids just as there 
is to alterations of acid-base equilibrium. 

The following additional experiments are compatible with the views 
expressed above. 

Sudden Changes from High to Low Protein Diet . — Eight rats were 
placed on a diet of casein alone. Thej’- were dmded into two lots of 
four each. On the 136th day the weight of Lot 1 was 89 per cent and 
of Lot 2, 96 per cent of the original value. On this day Lot 2 were 
changed from a diet of casein alone to a diet of starch and lard with no 
casein; Lot 1 continued on casein alone. 48 hours later both lots 
were bled. The pooled serum proteins of Lot 1 were 6.37 gm. per 
cent, of Lot 2, 5.44 gm. per cent. In brief, in Lot 2 even though the 
animals were on an excessively high protein ration for 136 days, a 2 day 
change to starch-lard led to a sudden drop of blood proteins of the type 
which we have described. During the final 2 days of the experiment, 
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In our previous work the most potent toxins obtained were those that in 0.1 cc. 
amounts killed 18 to 20 gm. mice in one day. Subsequently, no extracts more 
toxic than these have been produced, although we have tried to obtain them in 
many different ways. It would appear, therefore, that serum can absorb only a 
certain definite amount of toxin from the streptococci and at least for this strain 
of streptococcus, tlie serum is saturated when it contains approximately ten lethal 
doses of toxin per cc. for mice. That the organisms themselves contain a much 
greater quantity of toxin than this is evident from the fact stated above, that 
under certain conditions they can be subjected to re-extraction sLx times with no 
loss of toxicity in the last extracts. Moreover, it seems likelj' tliat more than six 
extractions could be accomplished without weakening of the later extracts, were it 
not for the slow deterioration of the toxin on the organisms which must occurbe- 
cause of unavoidable e.xposure to the harmful influence of temperatures much 
above 0°C. during the many manipulations. All of this evidence seems to demon- 
strate how potentially toxic are the cells of Sircpiococcus hcmolyticus. 

Concentration of the Toxic Extracts. — ^We found that saturation 
with (NH4)2S04 precipitated out practically all of the hemotoxin from 
a toxic extract, whereas normal inactivated serum treated in the same 
way was not hemolytic even in relatively large amounts. In regard 
to the toxic properties of (NH4)2S04- precipitated toxin for mice, we 
have no data since the amount of (NH4)2S04 these preparations con- 
tain was sufficient to be toxic in itself, and dialyzing a preparation 
to rid it of (NH4)2S04 destroyed its toxic properties both for red 
cells and for mice.® 

Toxicity of Serum Extracts of Hemolytic Streptococci Produced from 
Strains Other than That Originally Used {Gay) and Possible Correlation 
between the Toxicity of an Extract and the Virulence of the Organisms 
from Which It Was Produced. — ^In our previous work, only one strain 
of Streptococcus hcmolyticus was used for tlie preparation of the serum 
extract poisons. Therefore it seemed of interest to determine whether 
similar poisons could be obtained from other strains of hemolytic 
streptococci and whether the virulence of any one strain was related 
to its ability to produce a toxic serum extract. Accordingly, serum 
extract filtrates were prepared from a number of strains of Strepto- 
coccus hemolyticus obtained from various sources by the same method 

‘ We are indebted to Dr. Henry S. Simms for dialyzing a (NH4)2 SO4- precipi- 
tated toxin for us in his iced apparatus (Simms, H. S., J. Exp. Med., 1930, 61, 
319). 
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as that used previously. Then these filtrates were titrated for their 
killing properties for mice and at the same time the \Trulence of the 
various organisms was worked out. The filtrates were also titrated 
for hemotoxins to see whether the hemoto.xin content of a preparation 
was related either to the killin g properties of a toxin or to the virulence 
of the strain from which the toxin had been made. 

Table I gives the results of this experiment,® and seems to indicate 
that there is no correlation between the \Trulence of an organism for 
mice and its ability to produce poisonous serum e.xtracts. Although 
it is true that the Gay and C203 (51st and 52nd passages), the two 
most virulent strains, are also the best toxin producers, still even with 
these two strains there is no proportionate correlation between the 
two factors mentioned, since they both produce the same strength 
toxin and yet the C203 strain is 100 times as virulent as the Gay strain. 
In regard to the other strains, aU of which were much less virulent 
than the Gay strain, there was even less correspondence between the 
two factors — for instance, some strains were a\’irulent and produced 
toxin, see Strains 50 and 83, while others were virulent and produced 
no toxin, sec Strains 65 and NY5. In our previous paper it was 
pointed out that there appeared to be no correlation between the 
hemolytic and lethal properties of a scrum e.xtract to.xin produced 
from the Gay strain. This statement appears to apply also to the 
other strains worked out here (see Table I). 

T/tc Pathology of Mice Dying of the Streptococcus Scrum Extract 
Toxin. ^Thc pathology of eight mice djdng after the inoculation of 
the toxin from the Gay strain was studied by Dr. Maurice N. Richter. 


The sources of the strains of Streptococcus hmolylicus used in the table ■sv crc as 
follows; 

^ Gay. Erysipelas strain. The same strain as that used in our earlier work and 
in most of this work. Kept \-irulcnl by passage through rabbits, 

C^OJ (5; end :2). — Rockefeller strain, Slst and 52r.d passages through rr.lcc 
obt.aincd from Mr. C. M. Soo Hoo. 

^ C,0j (.tfr-, Qy — %-irulcnt, matt avirulcnt, and plos'y, rerpec- 

lnd\ and Starr 5p:r.al fluid strain, obtaincti from Miss Miriam Oi.T.stead. 
■(‘‘'''y—Toiic rheumatic strain. 

.» I 5. Dv>cl:ca scarlet fever strain and rhcumr.tic Ftrair.s 57, 5 >, .tror.- 

s-on. .46. 47, 90. ind obtaincti from Mi;-s Ruth r.-.uli. 
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all showed marked degenerative changes in the tubular 
epithelium of the kidney wliich consisted in loss of nuclear staining 
and desquamation of cells and colloid or hyaline in the form of droplets 

TABLE I 


Rclalionsliip between the Toxicity of an Extract and the Virulence of the Organisms 

from Which It Produced 


Strain 

Mouse-killing dose of 
extract 

Hemolytic unit 

Virulence 

Gay 

CC, 

0.2 

CC. 

0.002 

10-‘ 

C203 (51) 


0.003 

10-‘ 

C203 (52) 

0.2 

0.003 

10-^ 

C203 Mv 

0.5 

O.OOS 

10-' 

C203 Ma 

0.4 

0.006 

10-^ 

C203 G 

0 * 

0.02 

Of 

Loeffleman 

0.5 

I 0.005 

10-5 

50 

0.5 

1 0.005 

Ot 

57 

0.5 

0.005 

10-1 

67 

0.5 

0.003 

10-1 

83 

0.5 

0.003 

ot 

R65 

0* 

0.005 

10-s 

NYS 

0* 

O.OOS 

10-5 

Aronson 

0* 

Of 

10-1 

Starr 

0» 

0.07 

10-1 

46 

0* 

0.005 

10-1 

47 

0 * 

0.02 

Of 

90 

0 * 

0.07 

10-1 

38 

0 * 

0.2 

ot 


From the Gay strain and from all the C203 variants, at least two different 
extracts were made and these were titrated separately for hemotoxic and mouse- 
killing units. In the table, the average of these results is noted for each strain. 

* 0.5 cc. of the serum extract filtrate did not kill a mouse. 

1 0.5 cc. of 1-10 broth culture of the streptococcus did not kill a mouse when 
injected intraperitoneaUy. 

1 0.1 cc. of the serum extract produced no hemolysis. 


in the tubular epithelium. The glomeruli showed no changes. In 
six of the eight mice there was marked necrosis of the l3nnphoid cells 
in the follicles of the spleen and in two instances in the pulp as well. 
In four mice there were many small focal necroses in the liver. 
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Anopheles quadriniaculatus, on the conlrar}’’, the virus survived. The 
experiments were carried out in the following manner. 

Technique 

Brains from at least five mice djnng 4 to 5 days after an intracerebral injection 
of mouse brain virus vere removed and pooled, ground with alundum, suspended 
in equal parts of hormone broth and ascitic fluid, and diluted one part by 
weight of brain in nine parts volume of fluid. This suspension was centrifuged 
at 3000 R.P.M. for 30 minutes and 1.5 cc. injected intraperitoneall}’ into Swiss 
mice. Virus so injected is known to be present in the blood stream for at 
least 5 hours in amounts exceeding 5000 fatal intracerebral doses per cc. The 
injected mice were immobili 2 ed b}' tjnng to boards, and witliin 60 minutes 
after receiving the virus were placed with abdomens in contact with the gauze 
tops of cages containing starved mosquitoes and left there under obserx’-ation 
from 1 to 2 hours. Thej^ were then released and placed in cages for obser\Tition. 

The mosquitoes employed were raised in the Laboratories of tlie International 
HealthDmsionof thcRockefellerFoundationbyMr.ThomasL. Cain, Jr. (6). Lots 
of 200 to 400 females, 4 to 7 days old, were used in each test. A given lot was 
allowed to feed on infected mouse blood for 1 to 2 hours, as described above, and 
those not feeding were discarded. Within 4 hours of feeding, ten engorged mos- 
quitoes were selected at random, killed with tobacco smoke, ground in a mortar, 
diluted with 3 cc. of equal parts of ascitic fluid and hormone brotli. The suspen- 
sion was centrifuged at 2500 r.p.m. for 20 minutes and then filtered tlirough a 
Seitz pad 2.4 cm. in diameter, at 30 pounds pressure. The filter was previously 
saturated with protein by passing 10 cc. of hormone broth tlirough it at 15 pounds 
of pressure. This procedure permits passage of the virus with no appreciable 
loss (7). Tenfold serial dilutions were made of the filtrate and each was injected 
intracerebrally in 0.03 cc. amounts into four to six Swiss mice. The injected ani- 
mals were observed 21 days and their duration of life recorded. 

The test lot of mosquitoes was maintained according to the routine laboratory 
procedure. At var 3 dng intervals, samples of ten were tested as described for 
detecting quantitatively the presence of virus. Virus recovered from the final 
sample from a given lot of mosquitoes was shown to be identical immunologically 
with the original test virus. 

Results of Titrations 

Aedes aegypti . — One test was made with Aedcs aegypti. As shown 
in Table I, the virus w^as present in the mosquitoes 4 hours after feed- 
ing on the infected mice. All mice receiving undiluted filtrate and 
filtrate diluted 10“^ died, and two of the six receiving the 10“- dilution 
died. If the titration end-point is taken as the dilution killing 50 
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titrated as far as 10“®. Table II shows that all mice receiving the undiluted 10“‘, 
10“®, and 10"^ suspensions died, indicating that at this time each mosquito con- 
tained at least 10,000 mouse lethal doses of virus. 3 days later, the titre had 
dropped to 100 lethal doses per mosquito. On the 7th da}', the litre was between 
10 and 100, on the 10th and 14th days, 100 lethal doses, on the 17th and 21st 
days, 1000 lethal doses, on the 24th day 10,000, and on the 30th day, 100,000 
lethal doses per mosquito. This final litre of 100,000 could not be regarded as 
greater than the litre of at least 10,000 in the original sample of infected mosquitoes 
since in that sample dilutions of 10“^ and greater were not tested. 


TABLE n 

Stiraival of Euccphalilis Virus (Si. Louis Type) in Anopheles quadrmaculatus 

Experiment 1 


10 jnos- 
quitocs 
tested 

Interval 
feeding to 
testing 

Dilution of mosquito filtrate (6 mice per dilution) 

Undiluted 

10-1 

10-1 

10-1 

10-* 

Duration of life 

1934 

hrs. 

days 

days 

days 

days 

days 

Apr. 2 

4 

4, 4, 4, 5, 5, 5 

5, 5, 5, 6, 6, 6 

5, 5, 5, 5, 5, 6 

5, 6, 7, 7, 7, 8 

— 


days 






“ 5 

3 

6, 6, 6, 7, 7, 8 

6, 7, 7, 7, 7, 8 



— 

“ 9 

7 

5, 5, 5, 6, 7 

8 



— 

“ 12 

10 

6, 6, 7, 7, 7,8 

6, 7, 7, 7, 7,8 



— 

“ 16 

14 

Sj 5j 5) 5, 5j 6 

5, 5, 5, 5, 6, 6 

6,6 


— 

« 19 

17 

5, 5, 6, 6, 7, 7 

6,7 

7, 7,7 


— 

“ 23 

21 

6, 6,6, 7, 7,7 

6, 6, 7, 7. 7, 8 

6, 6, 6,7, 7,7 

7 

— 

“ 26 

24 

4j 5| 5| 5j S| 5 

5, 5, 5, 5, 6, 6 

Sy 3^ 3j 6^ 6 

5, 6, 6, 6 

— 

May 2 

30 

5j 5j 5j 5^ 6 

5, 5, 5, 5, 6 

6^ 6 

5, 6,6 

5, 5,6 


Blank spaces indicate mice surviving and well 21 daj's. Daslies indicate 
given dilution not titrated. 


Expermeni 2, June 19, 1934, — ^252 engorged female mosquitoes were tested as 
in Experiment 1. The titre of samples tested 4 hours after feeding was 10,000 
lethal doses. This dropped to a titre of 10 lethal doses on the 3rd day, and in- 
creased to 100 on the 14th and 24th days (Text-fig. 1). An unusually high mor- 
tality among the mosquitoes terminated this experiment before the final titrations 
could be run. 

Expermeni 3, July 6, 1934. — ^The same experiment was repeated a third time 
with 207 mosquitoes which fed on infected mice (Table III). The immediate 
titre of the 4 hour sample of ten mosquitoes was 10,000 lethal doses per mosquito. 
On the 4th day it had dropped to 100; on the 7th day to less than 100; on the 11th 
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and 14th days it had incr^ to “ “tnLt'th'e'LtdIy ISS)- 
25th day it was 1000, on the 33rd indicate that the titre of 

- o. - 

4ie«d 

The Ulre ol viius m the 4 hour S4“P ,^5 ^tre had dropped 



19U 

hs. 

dnyi 

July 6 

4 

6, 6, 6, 6, 6, 6 


iav 


“ 10 

1 

6, 7, 8, 8, 10 

“ 13' 

7 

6, 6, 7, 7, 8 

“ 17 

11 

6, 6, 6, 6, 7, 10 

“ 20 

14 

5,6, 6,7,9, 10 

« 24 

18 

6, i, h 1, 9, 9 

" 31 

25 

6, 6, 6, 6, 6, 6 

Aug. 8 

33 

5, 5, 5, 5, 6, 6 

“ 17 

42 

5, 6, 7, 7, 7 


d^yj 

1 6, 6, 6, 6, 6, 7 

7. 7. 8. 8 

7.8 

6, 6, 10, 13 

7, 10, 10, 10, 10: 

6, 7, 7, 8, 9 
5,6,6 

5,6, 6,6, 7,7 
6, 6, 6, 6, 7,7 


dcp 

6 , 6 , 6 , 7 , 8, 8 


9.9. 10 
5, 8, 8, 9 

7 . 8 . 8 . 10. 10 

6,7, 10 

7 

6, 7, 7, 7, 7 


7.8 _ 

7. 7.7.8 
12 

8, 8,8 


6,6 
11 
7, 7 


9,9,9 


Blank spaces indicate mice sursns-ing and well 21 da>-s. 

to 10,000 on the 19lh day and continued at the level of the onginal litre on th. 

26lh and 33rd days. . f-iddence of 

Ezprr'nr.tni 5, -Vrrfwhfr 1, 1934.— In the ‘ 

multiplication of s-irus in the mosquito had been obtain s..*^ ^ —.''od In 

in mosquitoes 4 hours after feeding were not surpas- at a.a> -t . “ , 

Experiment 5, smaller amounts of srirus were injected rnto the mice as a 

more 5 ^r. 5 .'.livc method ol detecting an increase abo^c the 

I>ots of lih-cnty-five mosquitoes were ^ch fed on miK pxci T‘n \r^‘ l**o 4Cn 

injection of 0.5 cc. of mouse brain snrus in dilutions o. 1 o , >. •' 

and 1 to UA3. A titration of sdnis in a sample of 

hours after feeding and in the rumrivors 27 days later. T.-e _j'‘' j 

Tahir V. l.o: A, fed on mosquitoes given the same appronnaatc am c. 
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as in the previous four c.>Lperimcnts, showed the characteristic immediate and 27 
day litres; namely, 10,000 lethal doses per mosquito. Lot B, fed on mice given 
1/10 of this dose, showed an immediate titre of 100 and a final litre of 10 lethal 
doses. Lot C, fed on mice given 1/40 of the standard amount, showed an imme- 
diate titre of 100 lethal doses and no virus on the 27th day. Lot D, fed on mice 
given 1/160 of the standard dose, showed similar immediate and final litres of 100 
letlial doses. No evidence of multiplication of virus was obtained in this test. 



Days ajtep feeding 


Text-Fig. 1. Titration of encephalitis virus (St. Louis t3q3e) in Anophdes 
qmdrimacidaUis mosquitoes fed on infected mice. 

Failure of Virii^-Containing Anopheles qiiadrimacnlatus Mosquitoes 
to Tratwnii the Infectio7i to Mice and Monkeys 

Virus-containing Anopheles mosquitoes were tested for their ability 
to transmit the infection to mice and monkeys, although these animals 
were known to be resistant to experimental blood stream infection (2). 
At various intervals after engorging on infected mice, lots of mos- 
quitoes were fed on normal mice and monkeys. None of these con- 
tracted encephalitis or developed immunity or serum-neutralizing 
substances against the virus. 
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discussion 

The e^erimenu described are thSo^a 

stance ii^Hch “ quairimaculatus, unlike 

VITUS. The encephalitis ^ present 

yellow fever virus in Aed^^ '^f^oro^ately equal to that originaUy 
21 to 42 days in quantities however, even in 

ingested. The onginal titre was 2ence the virus cannot be 

instances in which it was relatively low. Hence tue mtu 

said to have multiplied in this msect host ^ 

Knowledge that the virus of encephahUs can per. . p 

mo^uS prevalent in regions in which the disease occurs is of basic 

importance in testing the insect transmission theor>. 

CONCLUSIONS 

Anopheles quadrimaculatus mosquitoes, fed on 

alilis sdrus (St. Louis type) is present in the blood stream, take up 
retain the virus for the duration of their hves. _ 

me titre of the virus in mosquitoes 4 hours after 
noth a ma.rimum blood stream infection 'X- 

lethal mouse intracerebral doses per mosquito. oenuito but 

ins the following 2 weeks to about 100 lethal doses ’ "o 

frL the 3td week to the death of the mosquito, usuallj inCTea.es 
approximately the original level and remains there. moucc 

The litre of virus in mosquitoes whic* have ^ngorg - 

blood containing smaller quantities of virus exhi its e sam 
and subsequent rise to the original level. _ 

The virus-containing mosquitoes did not infect mice or mon .c, 

biting. 
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The origin of normal antibodies for 
a moot question. There is, hotvever no J ^ies 

tions of normal sera against such anUgens as 

or Forssman antigen are due to ceUs and tissues 

mal sera containing Forssman antAod 

which possess Forssman antigen; that is to say, su 

'\"fandWitebsky (1, 2) have f 

bcsinntag of its development tbe chicken 

cular network, contains Forssman antigen. chicken em- 

man semm, rabbit serum or Forssman an„ 

brj'O causes a peculiar phenomenon. The ^5011 
tS embryo turns around and sinks into the > ^‘^3. 

see the heart beating within the sunken cmbrj 0, u p ' 5,„an 

(Baumann and Witebsky (3, 4)). Duck embryos, '“^"5 ro™ 
antigen, however, do not show the vascular phenomenon » ‘he 
addition of normal human or rabbit scrum. T c “P'"™ . [ 

reported in this paper deal with the analysis and the mechanism of 

this phcnomcnon.- 

‘ For the sake of brc%-ily, this sequence of evenU 
cmbiyo as a result of the several experimental procedures, t 

referred to as the “vascular phenomenon.” „vTv-;-en*s on ana- 

= In 1928 Shcra-ood (5) used chicken embra'o hearts . ' , 

phylaxis. The chanpc in frequency and rcpikaniy of the i«rc ’ 
ns ihc Xc^X. lie s-^iccccdcd in produdni: a scr.sitir-rlipn oi -c * * 

pnf.'-Ivc tmr.f.fcr of chid.cn anliscnim (mbbit. nnliscnim ha r.o . 

• CO 
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Method 

The following method (Kaufman (6), Szcpsenwol (7)) is used to remove the 
embr3'os from the eggshell: Fertilized chicken eggs are kept for 66 to 72 hours in 
the incubator at about 40-42°C, Then the eggshell is cleaned and washed with 
alcohol. The eggshell is opened, preferably at the small pole, about a third to a 
half of the shell is carefully removed and the egg poured into a sterile beaker. 
The beaker is then covered with a sterile watch glass and kept in the incubator at 
37-38°C. In the experiments to be cited the sera were added to the chicken 
embrj^o drop by drop. 

Experiments on Primary Toxicity of Rabbit Type Sera toward the 

Chicken Embryo 

1. Effectiveness of Active, Inactivated and Reactivated Normal Sera . — 
Normal rabbit type sera lose their ability to produce the vascular 
phenomenon in the chicken embryo after being heated at 56°C. for 
3^ hour. Hence the first question which arose was whether or 
not inactivated normal human serum can be reactivated by addition 
of complement (fresh guinea pig serum). Table I illustrates a typical 
experiment designed to elucidate this question (Table I). 

As is seen, normal human serum inactivated at 56°C. cannot be re- 
activated in its potency to induce the vascular phenomenon by addi- 
tion of fresh guinea pig serum. 

In order to study the relationship between the destruction of com- 
plement and the potency of the phenomenon-producing factor (“factor 
toxic” to the embryo) in normal rabbit type sera, the following ex- 
periment was performed. 

Normal human serum was divided into three equal portions. Two of these 
were placed in a water bath for 20 minutes at a temperature of 49°C. and 51°C. 
respectively. The complement content of each specimen was then determined 
as follows; 

Decreasing amounts of each of the above heated sera as well as active serum 
were made up to 0.2 cc. volume nith physiological saline. To each of these there 
was added 0.4 cc. of strongly sensitized sheep cells. The mixtures were placed 
in the incubator at 37°C. Hemolj'sis was noted after 30 minutes (Table II). 

As is seen from Table II, the complement of human serum was 
slightly inactivated at 49°C., but completely destroyed at 51“C. 
These sera were then tested for their effect on the chicken embryo. 
For this purpose decreasing amounts of the above sera were made up 
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TABLE I 


Effect of Normal Active, Inactivated and 'Reactivated Human Serum on 
the Chicken Embryo 


Amount of semm 

t Reaction of tie cHdtcn 
! embryo after 


3 hrs. 

Shrs. 

cc. 



0.5 active human 

++++ 

++++ 

0.25 “ 

++ 


0.15 " " 

— 

— 

0.5 inactivated* human 

— 

— 

0.5 » » + 0.2 cc fresh 

guinea pig serum i 




— represents no reaction; + to ++++ represent different stages in the 
development of the phenomenon varying from the beginning contraction of the 
vascular net (+) to final contraction associated vrith sinking of the embryo into 
the depth of the yolk and its death (4- + + -f-). 

* Inactivation in water bath at Sfi'C. for M hour. 


TABLE n 

injiuence oj Heal on Complement as Determined by Hemolysis of Scnsit{::ed Sheep 
Cells Produced by Normal Human Serum 




Extest of hemolysis 


Amoucl of human serum 

Active serum 

Scrum itxubalcd at 


49'a 

si*a 

cc. 

0.1 

c. 

C. 

0 

0.05 

c. 

M. 

0 

0.025 

hi. 

M. 

0 

0.0125 

M. 

Tr. 

0 

0.00625 

Tr. 

Tr. 

0 

0.003125 

Tr. 

0 

0 

0.0 

0 

0 

0 


C., complete hemob-sis; M., moderate hcmolvsis; Tr., trace of hemolvsis; 0, 
no hemolysis. 


to 1.0 cc, by the addition of physiological saline and then added to the 
cliickcn embryo preparation. The results arc given in Table III. 
Table III shows that at the end of 2 hours scrum heated at 49'C. 
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was less effective against the chicken cmbr 3 ’^o than the unheated serum. 
At the end of 8 hours, however, it appeared to be just as potent as the 
unheated serum. On the other hand, serum heated at 51°C. com- 
pletel}'- lost its effect. Repeated experiments invariabl}’’ disclosed 
this parallelism between the complement content of the serum and its 
ability to produce the vascular phenomenon in the chicken embryo. 

It has been shown (Table I) that the addition of guinea pig serum 
(complement) to human serum inactivated at 56°C. fails to restore its 
potency to produce the vascular phenomenon. Since it is knovm that 
antibodies of normal serum are relatively thermolabile it seemed of 
interest to determine whether the addition of complement to serum in- 


TABLE m 

Effect of Heating on Phcnornenon-Producing Potency of Normal Human Scrum 


Amount of serum 

Reaction of chicken embijm after 

2 hrs. 

S hrs. 

1 

CC. 

0 . 5 active 

++++ 

_] — 1 — j — [. 

0.25 “ 

d — 1 — t- 

-] — 1 — 1 — t* 

0.15 “ 

— 

— 

0.5 heated at 49°C. 

H — \- 

+ +++ 

0.25 “ “ 49°C. 

+ 

+d — 1 — f" 

0.15 “ “ 49'’C. 

— 

— 

0.5 “ “ Src. 

— 

— 


activated at lower temperature could restore this potency. However, 
on repeated attempts it was found impossible to reactivate human 
serum which was inactivated at 51°C. even by addition of large 
quantities of fresh guinea pig serum (0.1 to 0.5 cc.). Nor was such 
reactivation accomplished b}'- the use of man 3 '- variations in the method 
of experiment; e.g., instead of mLxing inactivated serum and guinea pig 
serum before its addition to the chicken embr 3 '^o, we added first the 
inactivated serum and several hours later the guinea pig serum. 

In this connection it seemed of special interest to stud 3 '- umbilical 
cord serum inasmuch as this serum is apparentl 3 '- characterized by a 
poverty of normal antibodies. It was, therefore, surprising to find 
that two samples of undiluted umbilical cord serum produced a t 3 ’pical 
vascular phenomenon even though sheep ceU hemol 3 ’-sins could not be 
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demonstrated in vitro. The effectiveness of umbilical cord serum 
which does not contain demonstrable sheep cell hemolj^sms seems to 
argue against the identity of the latter with the vascular phenomenon- 
producing factor. The half diluted umbilical cord serum, however, 
was without effect. On the other hand, despite demonstrable com- 
plement content, such half diluted serum did not reactivate inactivated 
normal human serum. 

2. The Specific Inhibitory Efi'ecl of Guinea Pig Type Sera . — ^The 
vascular phenomenon could be obtained by means of sera of animals 
belonging to the rabbit type. Up to now, normal sera of man, rabbit. 


TABLE 


Inhibitory Effect of Sera of the Guinea Pig Type on Active Human Serum 



■ Amoiiut of senna 

Rractioa of cHctca 
c23bT>*o after 8 hrs. 

0,5 active human +0.5 physiological saline 

4444 

0.5 

“ rat 4-0.5 “ “ 

4444 

0.5 

" human 4 0,5 inactivated chicken 


0.5 

“ “ 4 0.5 “ guinea pig 

- 

0.5 

“ " 4 0.5 « human 

+ + + + 

0.5 

" “ 4 0.5 “ rat 



rat and pigeon* were found effective, while those of guinea pig,^ horse 
and chicken were ineffective. 

Sera of animals of the guinea pig tj'pe contain dissolved Forssman 
antigen. For this reason, it seemed of interest to determine whether 
sera of the guinea pig tjyje would alter the potency of rabbit Upe sera 
in respect to their ability to produce the vascular phenomenon. In 
order to determine this, the following experiment was carried out. 


0.5 cc. of active human scrum was mixed with 0.5 cc. of inactivated scrum from 
chicken, rat, guinea pig and man respectively. These mixtures v.crc left at room 
temperature for 10 minutes and then added to chicken embryos. The reaction 
resulting .after S hours is noted in T.able IV. 

The pigeon h.as been described as lacking in complc-mcnt, and for this reason 
thc^mechanitm of its ciicctivcncss should be invcftigated further. 

Cuir.ra p:g sera arc encountered vrhich cont.~.in sheep cell he m o' •.n ins; it 

v.ould Ik interesting to study the cncclivcr.css of suds a scrum anainst the chicken 
embr-o. 
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As is seen from Table IV, inactivated chicken and guinea pig sera, 
containing Forssman antigen, inhibit the potency of normal human 
serum, but inactivated rat and human sera, lacking Forssman antigen, 
do not display any inhibitory effect. 

Experiments on the Toxicity of Forssman Antiserum for the 

Chicken Embryo 

1. Effectiveness of Inactivated and Reactivated Forssman Antiserum . — 
In contrast to normal sera of the rabbit type, inactivated Forssman 
antiserum can be made effective against the chicken embryo by the 
addition of fresh guinea pig serum. Each of these is ineffective by 
itself. One may infer that when the vascular phenomenon ispro- 


TABLE V 

'Efcct of Forssman Antisera on the Chicken Embryo 


Inactivated sheep cell antiserum 

Guinea pig serum 

Reaction of chiclcen 
embryo after IS hrs. 

Amount 

Dilution 

CC. 


CC, 


1.0 

1:10 

0.2 

++++ 

1.0 

1:30 

0.2 

++++ 

1.0 

1:90 

0.2 

1 ^ 

1.0 

1:10 

0.1 

— 

1.0 

1:30 

0.1 

— 

1.0 j 

1:10 

0,05 

— 


duced by the addition of antisera it is necessary for antibody and 
complement to be present. The following experiment illustrates the 
quantitative relationship between both factors. 

Decreasing amounts of fresh guinea pig serum were made to 0.2 cc. with physio- 
logical saline and mixed with 1,0 cc. of various dilutions of an inactivated sheep 
cell antiserum. Then the mixtures were added to 3 day old chicken embryos and 
the reaction resulting after IS hours noted in Table V, 

As is seen from Table V, relatively large amounts of fresh guinea 
pig serum (complement) were necessary in order to reactivate in- 
activated Forssman antiserum against the chicken embryo. Some- 
times smaller amounts (0.1 cc.) of fresh guinea pig serum can reactivate 
it however. The Forssman antiserum in a dilution up to 1:30 to- 
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na-SI miEBSEV be™-- 
gether mth 0.2 cc. ^ S!r5-Xp =S««« 

^eU i« rii™,4^ete Solution 1:2 to 1:5) they 

dilution ol 1:10. Inhig er jjand, one sheep ceU anti- 

produced the phenomenon 0“ “f ““ „enon even in a diluBon 
Irum teas able to induce the ^ere mixed in a test 

of 1:200. As a role entiset™ “ P ^as no difier- 

tube before they vrere added^o^^ „[ both 

ence in tte reaction of ^2 hours, 

components provided the mterval ^as less than 



The remarkable difference between Forssman an 

sera of the rabbit t>-pe in that the former ca complement, 

potcnc>' toward the chicken cmbrj'o by a ^ between normal 

suggests the possibility of ' dteed by immunization or 

antibodies of the blood serum and those produ > 

* inriuoim that bird scrum docs 

mammalian sera. Thcrctorc, f '"Sdmn scrum to be 

ivhcibcr or not it ivould be possible for "»"" <* cl 

used as complement in the reactivation o m ^ purpose the 

sera in their effect on the chicken cmbrj’o. For thi. perpo 

foilov.-ing experiment was set up. 
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Decreasing amounts of chicken serum and guinea pig serum respectively were 
made up to 0.3 cc. with physiological saline and each mixed with 1.2 cc. of an 
inactivated sheep cell antiserum in a dilution of 1 ;10. The mixtures were then 
added to 3 day old chicken embr 3 ms. The results are given in Table VI. 

Table VI shows that chicken serum does not restore the inactivated 
Forssman antiserum to phenomenon-producing potency. Thus, 
chicken serum does not function as complement in this preparation, 
Z. The Specific Inhibitory Influence of Guinea Pig Type Sera on 
Forssman Antisera. — Since chicken serum contains dissolved Forssman 
antigen capable of fixing the corresponding antibodies, we examined 
tlie influence of cliicken serum on reactivated Forssman antiserum in 


TABLE vn 

Inhibitory Effect of Chicken Scrum on Reactivated Forssman Antiserum 


Sheep cell 
antiserutn, 
dilution 1:2 

1 

Guinea pig | 
serum ^ 

i 

Saline 

Chicken serum 

Reaction of the chicken 
embrj-o after 

3 hrs. 

12 hrs. 

u. 


CC, 

nmnn 



0.4 


0.5 


++++ 

++++ 

0.4 


0.0 


— 

— 


order to determine whether an inhibitory effect could be demonstrated. 
The experiment was carried out in the following way. 

To 0.6 cc. of an equal mixture of sheep cell antiserum, fresh guinea pig serum 
and saline respectively were added (o) 0.5 cc. chicken serum, and (6) 0.5 cc. saline. 
These mixtures were left at room temperature for 10 minutes and then dropped on 
3 day old chicken embryos. The reaction resulting after 3 and 12 hours respec- 
tively is noted in Table VII. 

As is seen from Table VII chicken serum prevents a reactivated 
Forssman antiserum from producing the vascular phenomenon. 

DISCUSSION 

One of the characteristic qualities of the Forssman antigen is its 
widespread presence in the living world. It is found on the one hand 
in animals which have no zoological relationship at all, guinea pig, 
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/•If tVip CO called guinea pig 
horse, dog, cat, chicken admals may difier in their content 

On the other hand, closely relat 

of Forssman antigen. e against this antigen; rabbit, 

Forssman antigen contains tjiis 

man, cow, duck, hog (ammals o ^p. 

characteristic the distribution resembles that of th . , 

erties of man. In the serum Ldividual himself, 

against such group qualities as am embryo is produced by 

The vascular phenomenon o - nf the rabbit tjT^- 

Forssman antiserum and by norrna t^^e sera lose 

the guinea pig type are me ^ ,^O0_ qq^e disappearance of 

their effectiveness after being ea e . „ oaraUels the loss of 

the vascular phenomenon-producmg po reactivate heat- 

complement. Up to complement, in contrast 

inactivated normal serum by t r/>artivatcd by the addition 

ro rorssman antisera which - ^ " oLal and inr- 
ol Iresh guinea pig serum. This ihSere 
mune serum discloses a similarity t 

play an important role in ^-ongidered as a sequela 

The vascular phenomenon as such is to chicken embiyo 

of the reaction between the Forssman antigen 

on the one hand and the corresponding ° ' follovrlng facte, 
on the other. This statement is supported by 

1. The vascular phenomenon of the chicken embr>o is proouc 

only by sera containing Forssman antibodies. 

2. Duck embr>-os, which lack Forssman antigen, do not give 

vascular phenomenon. j ,, chicken 

3. Forssman anfecra lose their clleeliveness tonmd the ^en 

embrj-o alter being absorbed with sheep cel s. o" e 
fi.\ the phenomenon-producing factors of norma - 
vith sheep cells, have as yet been inconclusive. .^ticen 

4. Guinea pig tvpc sera containing dissovc -or.. - 
iahibit normal rabhh type sera .as well as Forssman ant, sera m them 

cffcctivcnc.'is toward the diickcn cmbiy’o. cVnrV of 

These findings parallel the so called invertc - \-t ' .ip.c 

guinea pigs, which is charaeterired by the fact that the ant, bod.es o. 
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Decreasing amounts of chicken scrum and guinea pig serum respectively were 
made up to 0.3 cc. with phj'siological saline and each mixed with 1.2 cc. of an 
inactivated sheep cell antiserum in a dilution of 1 :10. The mixtures were then 
added to 3 da}' old chicken embryos. The results are given in Table \T. 

Table VI shows that cliicken serum does not restore the inactivated 
Forssman antiserum to phenomenon-producing potency. Thus, 
chicken serum does not function as complement in tliis preparation. 

2. The Specific Inhibitory Influence of Guinea Pig Type Sera on 
Forssman Antisera . — Since chicken serum contains dissolved Forssman 
antigen capable of fixing the corresponding antibodies, we examined 
tlie influence of chicken serum on reactivated Forssman antiseriun in 


TABLE 

Inhibitory Effect of Chicken Scrum on Reactivated Forssman Antiserum 


Sheep cell 
antiserum, 
dilution 1:2 

Guinea pig 
scrum 

Saline 

Chicken serum 

Reaction of the chicken 
embij’o after 

3 hrs. 

12 hrs. 

w. 

Ctf. 

CC. 

CC. 



0.4 

0.2 

0.5 

0.0 

++++ 

+++ + 

0.4 

0.2 

0.0 

0.5 

— 

— 


order to determine whether an inhibitory effect could be demonstrated. 
The experiment was carried out in the following way. 

To 0.6 cc. of an equal mixture of sheep cell antiserum, fresh guinea pig serum 
and saline respectively were added (a) 0.5 cc. chicken serum, and (b) 0.5 cc. saline. 
These mixtures w'ere left at room temperature for 10 minutes and then dropped on 
3 day old chicken embryos. The reaction resulting after 3 and 12 hours respec- 
tively is noted in Table VII. 

As is seen from Table VII chicken serum prevents a reactivated 
Forssman antiserum from producing the vascular phenomenon. 

DISCUSSION 

One of the characteristic qualities of the Forssman antigen is its 
widespread presence in the living world. It is found on tlie one hand 
in animals which have no zoological relationship at all, guinea pig, 
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horse, dog, cat, chicken (animals of the so called guinea pig t^’pe). 
On the other hand, closely related animals may differ in their content 
of Forssman antigen. Serum of such animals whose organs lack 
Forssman antigen contains antibodies against this antigen; rabbit, 
man, cow, duck, hog (animals of the so called rabbit t>-pe). In this 
characteristic the distribution resembles that of the blood group prop- 
erties of man. In the serum there are always present antibodies 
against such group qualities as are absent in the individual himself. 

The vascular phenomenon of the chicken embryo is produced by 
Forssman antiserum and by normal sera of the rabbit tjqje. Sera of 
the guinea pig type are ineffective. Normal rabbit type sera lose 
their effectiveness after being heated at 51°C. The disappearance of 
the vascular phenomenon-producing potency parallels the loss of 
complement. Up to now, it has not been possible to reactivate heat- 
inactivated normal serum by the addition of complement, in contrast 
to Forssman antisera which can be easily reactivated by the addition 
of fresh guinea pig serum. This difference between normal and im- 
mune serum discloses a similarity to those antibody functions which 
play an important role in phagocytosis. 

The vascular phenomenon as such is to be considered as a sequela 
of the reaction between the Forssman antigen of the chicken embrj'o 
on the one hand and the corresponding antibodies of the added serum 
on the other. This statement is supported by the following facts. 

1. The vascular phenomenon of the chicken cmbiy'o is produced 
only by sera containing Forssman antibodies. 

2. Duck cmbiyos, which lack Forssman antigen, do not give the 
vascular phenomenon. 

3. Forssman antisera lose their effectiveness toward the chicken 
embryo after being absorbed with sheep cells. However, attempts to 
fix the phenomenon-producing factors of normal sera by absorption 
with sheep cells, have as yet been inconclusive. 

P’S sera containing dissolved Forssman antigen 
inhibit normal rabbit type sera as well as Forssman antisera in their 
effectiveness toward the cliickcn embryo. 

I hese lindings parallel the so called inverted anaphylactic shod: of 
guinea pigs, which is characterized by the fact that the antibodies of 
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the serum are the actuating factor, while the antigen is present in the 
cells and tissues of the reacting organism itself.® 

The significance of complement for anaphylactic reactions has been 
discussed for many years. Dale’s (8) demonstration of anaphylactic 
reactions on the isolated uterus suggests that complement is un- 
necessary for anaphylaxis. Hyde (9), however, failed to induce the 
inverted anaphylactic shock in guinea pigs which did not possess 
complement in their blood. On the other hand, Doerr and Pick (10) 
were able to produce a typical anaph 3 dactic shock in the adult chicken 
by the intravenous injection of an inactivated Forssman antiserum 
without addition of complement, an observation which we can confirm. 
However, for the production of the vascular phenomenon with the 
chicken embryo, complement is absolutely necessary, as has been 
shown above. The necessity of adding complement to inactivated 
Forssman antiserum suggests that either the embryo itself does not 
contain sufiicient complement or that its complement will not function 
with mammalian antibodies. 

It is to be borne in mind that the Forssman antigen is not a uniform 
substance, but consists of various components with different corre- 
sponding antibodies. This fact may perhaps help to explain the 
observation that Forssman antisera are encountered with sheep cell 
hemolysin titer 1000 times higher than that of a normal human serum, 
yet witli a potency to produce the vascular phenomenon that may be 
almost the same as that of the normal serum. In this connection it 
may be mentioned that umbilical cord serum produced the vascular 
phenomenon in the chicken embryo, in spite of the fact that demon- 
strable sheep cell antibodies were not present. As 3 '-et it is impos- 
sible to state whether the difference between the Forssman antibodies 
of the agglutinin and hemolysin type and those responsible for the 
production of the vascular phenomenon are due to differences in the 
titer of partial antibodies or to qualitatively different antibody func- 
tions. 

® Regarding nature and mechanism of the inverted anaph 3 dactic shock, cf. 
Doerr, R., in Bethe, A., von Bergmann, G., Embden, G., and Ellinger, A., 
Handbuch der normalen und pathologischen Physiologie, Berlin, Julius Springer, 
1929, 13, 757. Forssman, J., in KoUe, W., and von Wasserman, A., Handbuch 
der pathogenen Mikroorganismen, Jena, Gustav Fischer, 3rd edition, (Kolle, W., 
Kraus, R., and Uhlenhuth, P.), 1928, 3, Liefg. 23, 469. 
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polyhedra in cells living in viiro will all be detailed in the succeeding 
portions of this paper. 


General Methods 

A few general remarks must first be made. The silkworms were raised from 
healthy stock obtained from Dr. Glaser and maintained free of virus for several 
years. They were kept in a room carefully guarded from the introduction of 
infective material. During the entire breeding season no cases of grasserie oc- 
curred among the stock of silkworms. Indeed, very few stock silkworms were 
sick from any cause whatever, except during the late fall, when the food was of 
inferior quality and a number of deaths from bacterial disease occurred. Experi- 
mental silkworms were kept singly in half pint bottles and were generally treated 
in the manner described by Glaser and Lacaillade (1934). Material which was to 
be tested for infectivity was diluted with water to a known extent and 0.01 to 0.02 
cc. of it fed to caterpillars previously starved for 1 day, using usually 5 caterpillars 
for each dilution. In this way rough titrations of the virus could be carried out. 

Cultivation of Silkworm Tisstie 

All reported attempts at the cultivation in vitro of insect tissue have 
met with relatively slight success. 

Goldschmidt (1915) obtained growths of the follicle cells of male gonads re- 
moved from pupae of Sarnia cecropia. These growths occurred in hanging drops 
of hemolymph. No mitoses could be found. Glaser (1917) observed the forma- 
tion of syncytia by the amebocytes in hanging drops of silkworm blood. Laza- 
renko (1925) saw similar amebocyte syncytia in hanging drops of blood of the 
larva of the beetle, Oryctes nasicornis, and the writer has noted such syncytia in 
hanging drops of blood of the cockroach, Periplanela avicricana, of silkworm 
larvae, and of pupae of Sarnia cecropia. Lazarenko found that the syncytia were 
formed by an extreme flattening, spreading out, and anastomosing of the amebo- 
cytes, and that no multiplication of these cells occurred. Our o^vn observations 
support this view. Frew (1928), using the imaginal discs of blow-fly larvae in 
larval or pupal body fluid sterilized by Berkefeld filtration, was unable to get 
multiplication of the cells. However, entire imaginal discs of the legs, when 
placed in pupal body fluid, evaginated and underwent a partial development into 
segmented limbs. Lewis and Robertson (1916) developed a balanced salt solution 
containing glucose and grasshopper bouillon or peptone, in which the testis cells of 
Chorthippus curtipennis lived for some time and underwent normal mitotic division. 
Belar (1929) used a similar modified Ringer’s solution, but without peptone or 
bouillon, to observe mitosis in spermatocytes of the grasshopper, Chorthippus 
lincatus. Neither of the latter two workers noted division in any cells other than 
the germ cells. 
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In the present larvae of Bon:iyx 

balanced salt solutions on ^j^n approximately equivalent 

All the ^ol'^tions had a c^cen^^^ He 

TABEE I 

Compos ition of the Culture ilcd^ 

Solndoa A 


Solatioo B 


„ — — < 

■e. ia 100 cc. i 

20.0 

r.cUspcTUleT 

0.06 

Maltose, 0.3 

5.0 

0.U13 

NaO, 0.3 

0.5 

O.IWa 

MgCli'hUjO, 0.2 SI 

0.5 

1 0.001 

CaClj, 0.2 si 

0.75 

1 O.WiJ 

NaHjPOvHA 0.2 

0.75 

1 

KjHPOt, 0.2 SI :::■■*■■ 

0 

1 ^ 

Egg albumin digest O.id/ 

72.5 

1 


0.2S5 


\riclts titer 
0.06 
0.0013 
0.001 
0.001 
0.0015 
0.0015 
0.0137 


0.290 


Freezing point depression, ° C.t ^ 

17. 0 1 — 

Kitrogcn per cc., wj-l- • - n 3 or 0.2 

The media vrere prepared boxing sterilized by 

U solutions vrith sterile distilled ^'atcr- ^ filtered through a 

autoda^•ing. cacept the maltose and the digest, 

BerkeicldN. ,-,tnilated from the amount of XaOH nee e 

• The molarity of the digest vras calcu . That the figure obtamed 

to neutralize it and from its the freezing point depression of 

is sufhcicntly accurate is shown by ^ 

Solution B is only slightly higher than ^a o ' 

\ These determinations were made b> D . i ^ d s 

. „ dnrived from the female gonads, 

obtained of a certain sdkworm Ussu ^ modification of it (B) 

Tlie compositions of this medium v ) 

are given in Table I. , . rr^i- 

1 . NVlthcr -sucrose nor glucose m c^.i 
Note that the media contain maltose. * ob'-’iacd with maltose. Mc- 

m.olecular amounts gave growths “ .^tt^-min digest prepared in the 

dium B diSers from A in that it contains Medium B llian in A. 

manner of Baker (1929). Growth svas usualh gre- . 
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especially if the media were used without the addition of silkworm serum. The 
best growths were obtained when the medium contained from 5 to 25 per cent 
(usually 10 per cent) silkworm serum. The latter was secured by bleeding several 
large silkworms aseptically from the proleg, poolmg the blood, and centrifuging 
out the blood cells. 



Text-Fig. 1. Section through ovarian tube of 5th instar silkworm. The 
stippled cells represent the layer which grew in culture. 


The tissue cultures were prepared in the following manner. Full grown female 
silkworms were immersed in 1 : 1000 mercuric chloride solution for 30 to 45 minutes. 
This treatment did not injure the caterpillars as, if the' ,' 5 ^ subsequently washed 
and allowed to dr}' out, tli« ■'ompletely.f 
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espedall}' if the media were used without the addition of silkworm serum. The 
best growths were obtained when the medium contained from 5 to 25 per cent 
(usually 10 per cent) silkworm serum. The latter was secured bj”^ bleeding several 
large silkworms aseptically from the prolcg, pooling the blood, and centrifuging 
out the blood cells. 



Text-Fig. 1. Section through ovarian tube of 5th instar silkworm. The 
stippled cells represent the layer which grew in culture. 

The tissue cultures were prepared in the following manner. Full grown female 
silkworms were immersed in 1 : 1000 mercuric chloride solution for 30 to 45 minutes. 
This treatment did not injure the caterpillars as, if the}’- were subsequent!}' washed 
and allowed to dr}' out, they recovered completely. It did, however, anesthetize 
them, rendering them temporarily motionless and very easy to handle. After 
immersion in mercuric chloride each larva was washed in two Petri dishes of 
sterile water and was then bled from a proleg into a small Petri dish. It was ne.vt 
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from tile tissue forming the lining of the ovarian tubes (Text-fig. 1). 
The cells forming the loose stroma of the larval gonad (Machida, 1926) 
do not grow in culture. By the 3rd day, the lining cells are very nu- 
merous, and they become more so on the 4th and 5th days. Usually 
the cells then remain in good condition for another week or two. 
They have numerous fine pseudopodia, and exhibit slow ameboid 
movement. The growth takes place in 2 layers, one against the cover- 
slip and one on the surface of the hanging drop. Fig. 1 is a photograph 
of a small portion of a 6 day old growth, with only the layer on the 
cover-slip in focus. Several cultures whicli were fixed and stained 
showed mitotic figures (Text-fig. 2). Cells growing in media con- 
taining silkworm serum have more cytoplasmic granules than those 
in serum-free media. 

The cultures could not be kept going indefinitely, although a few 
first subcultures were successful. The initial cultures were, however, 
perfectly suitable for the cultivation of the polyhedral virus. 

No tissue cultures were obtained when pieces of silkworm nerve, 
muscle, fat, silk-gland, leg or wing bud, or male gonad were explanted 
under the conditions suitable for growth of the lining cells of the 
ovarian tubes. 


Cultivation of the Virtcs 

Initial cultures of the silkworm polyhedral virus have been re- 
peatedly obtained simply by explanting the gonad tissue into culture 
medium containing the virus. One example will suffice. 

Blood from a tj^jical case of grasserie was drawn aseptically and diluted 1 in 25 
with Medium A. The mixture was centrifuged and the clear supernatant liquid 
stored 3 days in the ice box while its sterility was being tested in a broth tube inocu- 
lated from it. 1 part of this liquid w'as then further diluted with 3 parts of Solu- 
tion B to give a total virus concentration of 1 in 100. Another part of the liquid 
was diluted with 3 parts of a mixture of Solution B and silkworm serum, giving a 
virus concentration of 1 in 100 and a serum concentration of 25 per cent. Proper 
control mixtures were made of Solutions A and B, and A and B with serum. Each 
of the 4 mixtures was used as the medium for 3 hanging drop cultures of female 
gonad tissue. The drops, in this as in aU the other experiments, were measured 
out with a fine pipette to be 0.005 cc. in volume. 

After 1 day of incubation, all the cultures were about the same and showed a 
few outwandering cells. On the 2nd day, growth had begun in all but one control 
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culture, but there was no growth in cultures containing the virus. On the 3rd 
day, intranuclear polyhedra began to appear in some of the ovarian tube lining 
cells in cultures infected with virus both with and without serum. Subsequently, 
all but one of the controls gave typical excellent cultures. In the infected cultures 
more polyhedra appeared, and in those containing serum a fattj- degeneration of 
the cells soon set in. 

On the day when the cultures were set up, a portion of the original virus mix- 
ture was diluted with water to give varus concentrations of 1:10,000, 1:100,000, 
and 1 : 1,000,000, and each dilution was fed to 5 silkwonns. None of the 15 worms 
thus fed contracted the disease. After 4 days’ incubation, an infected culture in 
the medium with senun was teased up and diluted with water to give virus concen- 
trations (in terms of the original virus) of 1 : 100,000, 1 : 1,000,000, and 1 : 5,000,000. 
Several of the worms fed the first two dilutions came down with grasserie, showing 
that the virus had multiplied more than 1000 times. After 9 days’ incubation an 
infected culture in the medium without serum was similarly diluted to give virus 
concentrations of 1:1,000,000 and 1:10,000,000. 2 of the 5 worms fed the first, 
and 1 of the 5 fed the second dilution contracted tjqsical polyhedral infections, 
showing that in this culture the virus had multiplied over 10,000 times. 

The strain of virus thus obtained in culture was subcultured by 
transferring a bit of infected tissue to a healthy tissue culture, in which 
a large outgrowth of cells had already occurred. The strain, started 
July 28th, was subcultured 9 times, the last subculture being performed 
October 19th. It regularly brought about the formation of typical 
polyhedra, usually within 2 days after inoculation. Its activity was 
further tested by feeding 3rd, 4th, and 5th passage cultures (diluted 
with water) to silkworms, and it was found to be capable of producing 
the disease. 

In this strain the subcultures were not made in a quantitative way, 
so that no estimate of the e.v:tent of multiplication is possible. Another 
strain, however, was subcultured in the following manner. 

the polyhedra were well formed in any given culture, and the cells were 
beginning to die (usually 1 week after inoculation, although longer intcr>-als were 
oc^ionally permitted between subcultures) the culture was teased up in 0.25 cc. 
o ^ lution A or B. O.OOS cc. of this dilution was then added to a healthy culture 
rom to 10 (Lays old, usually 4, effecting a further dilution of 1 in 2, so that at cadi 
su Kutiurc the virus was diluted 1:50 except in the 1st subculture when it was 
i uted 1 .100. This strain of virus was carried through S passages (7 subcultures) 
rom .\ug. 27th to Oct. 26th. The 2nd and 7th pass.agc cultures were each stored 
vcc s in the refrigerator before being subcullurcd. In the 7th subculture the 
wrccntralion of the origiruil virus was 1:156;>50, 000.000 .OX), vet rK'lvhed.’al 
IvcHbes formed in the usual ina.nncr. 
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When this strain was started the virus used was titrated in silk- 
worms at 1:1000, 1:10,000, and 1:100,000. None of these dilutions 
produced the disease. Third passage culture virus was titrated in 
silkworms and gave two cases at a dilution of 1:1,250,000,000 of the 
original virus (the liighest dilution used). There can thus be no 
doubt that the polyhedral virus, of silkworms can multiply and form 
polyhedral bodies in ovarian tube lining cells living in vitro. 

In an attempt to discover whether the virus could multiply in other 
silkworm tissues, the following experiment was performed. 

One of tlie 3rd passage cultures (the same as used for the worm titration above) 
of the strain last described was diluted in the usual way with 0.25 cc. of culture 
medium. 0.005 cc. was then added to each of two 4 day old ovarian tube lining 
cell cultures and also to similar cultures containing explants of fat, silk-gland, and 
muscle tissue, also 4 days old. In the ovarian tube lining cell cultures, polj’’hedra 
appeared on the 2nd daJ^ 

After 6 days’ incubation, 1 of each of the 4 types of cultures was 
titrated in silkworms, using, for the lining cell cultures, dilutions of 
1:6,250,000,000 and of 1:62,500,000,000, for the fat, silk-gland, and 
muscle cultures only a dilution of 1:6,250,000,000. The infected 
lining cell cultures, even at the higher dilution, produced the disease 
in caterpillars, but no cases appeared among the worms fed from cul- 
tures of the other three tissues. That the virus did not multiply in 
silk-gland and muscle tissue is perhaps not surprising, since polyhedra 
do not form in these tissue in vivo. But in the fat-body polyhedra 
do form in vivo. That they could not be detected and that the virus 
did not multiply in fat-body in vitro may be due to the fact that the 
fat cells do not grow as do tlie lining cells, and indeed may survive 
only a short time. In tliis connection the following observations of 
Andrewes (1929, b) are of interest. He found that while Virus III 
multiplied and formed inclusions in cultures of rabbit testis, no in- 
clusions were formed in cultures of liver, spleen, kidney, or bone 
marrow, even though Virus III in vivo can infect many different 
tissues. These latter tissues, however, did not sundve as well under 
the culture conditions as did the testis tissue. 

Two strains of polyhedral virus were started with blood from in- 
fected silkworms diluted with culture medium and passed through a 
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When this strain was started the virus used was titrated in silk- 
worms at 1:1000, 1:10,000, and 1:100,000. None of these dilutions 
produced the disease. Third passage culture virus was titrated in 
silkworms and gave two cases at a dilution of 1:1,250,000,000 of the 
original virus (the highest dilution used). There can thus be no 
doubt that the polyhedral virus. of silkworms can multiply and form 
polyhedral bodies in ovarian tube lining cells living in vitro. 

In an attempt to discover whether the virus could multiply in other 
silkworm tissues, the following experiment was performed. 

One of the 3rd passage cultures (the same as used for the worm titration above) 
of the strain last described was diluted in the usual way with 0.25 cc. of culture 
medium. 0.005 cc. was then added to each of two 4 day old ovarian tube lining 
cell cultures and also to similar cultures containing explants of fat, silk-gland, and 
muscle tissue, also 4 days old. In the ovarian tube lining cell cultures, polyhedra 
appeared on the 2nd daj\ 

After 6 days’ incubation, 1 of each of the 4 types of cultures was 
titrated in silkworms, using, for the lining cell cultures, dilutions of 
1:6,250,000,000 and of 1:62,500,000,000, for the fat, silk-gland, and 
muscle cultures only a dilution of 1:6,250,000,000. The infected 
lining cell cultures, even at the higher dilution, produced the disease 
in caterpillars, but no cases appeared among the worms fed from cul- 
tures of the other three tissues. That the virus did not multiply in 
silk-gland and muscle tissue is perhaps not surprising, since polyhedra 
do not form in these tissue in vivo. But in the fat-body polyhedra 
do form in vivo. That they could not be detected and that the virus 
did not multiply in fat-body in vitro may be due to the fact that tlie 
fat cells do not grow as do the lining cells, and indeed may survive 
only a short time. In this connection the following observations of 
Andrewes (1929, b) are of interest. He found that while Virus III 
multiplied and formed inclusions in cultures of rabbit testis, no in- 
clusions were formed in cultures of liver, spleen, kidney, or bone 
marrow, even though Virus III in vivo can infect many different 
tissues. These latter tissues, however, did not survive as well under 
the culture conditions as did the testis tissue. 

Two strains of polyhedral virus were started with blood from in- 
fected silkworms diluted with culture medium and passed through a 
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that practically all contain polyhedra. The number and size of the 
polyhedra in individual cells, however, vary enormously. 

About a week after infection of a culture, the cells begin to die; 
the cytoplasm becomes dense and granular and movement ceases. 
Some of the dead cells burst and liberate the contained polyhedra. 
In some cultures, this process continues until the culture has degen- 
erated into a mass of tissue debris and large numbers of free poly- 
hedra (Fig. 3). In other cultures most of tlie polyhedra are retained 
wnthin the dead cells. 



Text-Fig. 3. Stages in the formation of potyhedra in tissue culture. Each 
pair of drawings represents the same cell at interv^als of: for c to c, 3 hours; for/ 
to //, 8 hours; for i to p, 12 hours. 


\\Tien tissue cultures which contained degenerating cells were in- 
fected with polyhedral virus, the appearance of the first polyhedra 
was delayed, and might take as long as 4 days. No polyhedra ever 
formed in cells already degenerate, while the polyhedra that formed 
in other wandering cells of such cultures remained small and few in 
number. In some very poor cultures, in which the outgoing cells 
were few and already degenerate at the time of inoculation, polyhedra 
appeared only in some of the ovarian tube lining cells which had 
remained within the explant. Such cells might be expected to have a 
better chance of survival under adverse conditions than cells which 
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have wandered out into the medium. Thus it appears that more and 
larger polyhedral bodies are formed in active healthy cells than in less 
active, less healthy cells. This may be taken to indicate that poly- 
hedra are a product of cell activity under the influence of the \drus. 
It is interesting to note that Andrewes (1929, b) observed that the 
inclusions of Virus HI were subsequently formed if the tissue cultures 
were incubated for 48 hours or less before addition of the \drus, but 
they were not formed if the tissues were incubated for 72 hours or 
more before addition of the virus. In the latter case the cells were 
probably in poor condition. 

Individual cells of infected cultures, at the early stages, were kept 
under observation for varjdng periods of time, and all changes in 
their appearance recorded by means of sketches. Some of these 
drawings are given in Text-fig, 3. The}' show that the infected cells 
changed in shape, that new polyhedra appeared, and that the existing 
polyhedra increased in size. Within a period of 3 hours a new poly- 
hedral body could become large enough to be visible with the mag- 
nification of X1800, Note in the drawings of Text-fig, 3 that the 
larger inclusion bodies are of definitely polyhedral shape even when 
they are not crowded together. Hence the polyhedrd form of the 
bodies cannot be the result of mechanical pressure, as happens when 
many bodies ordinarily spherical are crowded together in a confined 
space. 


DISCUSSION 

The virus of silkworm grasseric apparently behaves in culture mucli 
as do the viruses of vertebrates. It multiplies only in the presence 
of active living cells, it brings about the formation of t}-pical inclusion 
bodies, and it docs not, with successive tissue culture passage, lose 
any of its characteristic properties. 

One other point remains to be discussed. The ovarian tube lining 
cells of silkworms multiply extensively during the pupal stage to keep 
pace \\-ith the growth of the ovarian tubes, and eventually they form 
a tis-suc of the adult moth. Now adults of Bornhyx v.ori are com- 
pletely refractor}' to the polyhedral disease. Even older pupae, in 
^riiich the adult tissues arc already formed cannot be infected vith 
1 1 C virus, although ver}' young pupae arc susceptible (Ghaser in 
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Rivers, 1928). Since at least one tissue of the adult has now been 
shown to be susceptible when obtained before the adult is formed and 
grown in vilro, one may suppose tentatively that the immunity of the 
adult is a humoral and not a tissue immunity. 

SUMMARY 

A medium has been developed in which certain cells from the gonads 
of female silkworms multiply and live for periods of 2 to 3 weeks. 

In such tissue cultures, strains of silkworm grasserie virus were 
maintained in successive passages up to the number of ten. The \drus 
multiplied greatly and t 3 ^ical polyhedral bodies formed in the cells 
of infected cultures. 

I take pleasure in acknowledging the help and advice of Dr. R. W. 
Glaser. 
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EXPLANATION OF PLATES 
Plate 21 

Fig. 1. Photograph of normal 6 day old culture. X44S. 

Plate 22 

Fig. 2. A culture 5 days after infection with polyhedral •virus. X445. 

Fig. 3. A culture 8 da 3 's after infection with polj-hedral \’irus. X445. 
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STUDIES ON THE HEMOLYTIC STREPTOCOCCUS OF 
HUMAN ORIGIN 


I. Observations on the Virulent, Attenuated, and 
Avirulent Vaioants 

By HUGH K. WARD, M.B., and CHAMP LYONS, M.D.* 

(From the Deparlmen! of Bacieriology and Immunology of Tke Harvard 
Medical School, Boston 

Plate 23 

' CReceived for publication, Januarj* 11, 1935) 

It could be said with little fear of contradiction that the hemol}i:ic 
streptococcus presents a more hazy picture to bacteriologists and 
immunologists than does an organism like the pneumococcus. Its 
study presents many difficulties. In the first place, many strains 
which are pathogenic for man may show little or no primary’ virulence 
for animals. In the second place, antisera cannot be produced readily’ 
and consistently against all pathogenic strains. In the third place, 
although it is certain that many different types e.'nst, typing by’ 
agglutination is full of pitfalls, both in technique and in the interpre- 
tation of results. 

It seemed to us that the foundation for any’ work on the hemolytic 
streptococcus was a careful study’ of the characteristics of the organism 
on first isolation from the body’, and the ways in which it changed on 
mouse passage or culture passage; and the results of this part of the 
work are recorded in this first paper. We were aided in this investiga- 
tion by’ the studies of several workers in this field, although it was 
sometimes difficult to correlate their descriptions of the variants of the 
hemolytic streptococcus with our own observations. 

Co«-3n (1) was the first to corrcLatc cultural characferbtics v.ith vii-alcncc. 
She described a virulent S colony and an a^rulcnt R colony. These x-arLar.ts v. ere 
apparently found in stock laboratory cultures. 

* I'cllow in Medicine, National Research Council. 
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Todd (2), working with freshly isolated strains from cases of puerperal septi- 
cemia, noted three variants. He found that the organism on primarj’’ subculture 
was virulent for mice, and developed into matt surfaced colonies on chocolated 
human blood agar plates. After serial cultivation on blood agar, the virulence 
was diminished, but the colony form remained unchanged. The virulence could 
be restored by mouse passage or cultivation in human serum. The variant 
characterized by decreased virulence was designated the matt attenuated form. 
Complete and permanent loss of virulence resulted from prolonged subcultivation 
of the matt attenuated form. The colony of this a\drulent variant had a glossy 
surface. 

Loewenthal (3) isolated a strain of hemolytic streptococcus from a mouse epi- 
demic. From the original form isolated, he derived three additional variants. 
The organism obtained direcdj’^ from the epidemic was mouse-virulent, produced 
small, compact, conical colonies which grew flocculently in serum broth, and was 
designated the N (Nadclhopf) variant. The N form, on subsequent mouse pas- 
sage, threw oS two variants; the M (mucous) and the 0 (ohuc Typspecificitat). 
The M was mouse-virulent, had a slimy colony, and grew diffusely in serum broth. 
The 0 was mouse-^drulent, and resembled the pneumococcus in its cultural and 
antigenic characteristics. It lacked t 3 q)e specificit 3 ^ The R, or fourth, variant 
was obtained by prolonged cultivation and was distingished by its a\drulence for 
mice and a cultural similarity to Streptococcus viridans. 

Dawson and Olmstead (4), in studying strains of recent human origin, foimd 
three variants. The colonies of these three variants on neopeptone rabbit blood 
agar plates were (1) mucoid, (2) smooth convex, (3) smooth flat. They confirmed 
Loewenthal’s observation that the mouse passage of a non-mucoid variant fre- 
quently changed it into the mucoid form. It was also noted that the mucoid 
form was more virulent for mice than the non-mucoid forms, and they thought 
that human infections from which the 3 '’ isolated the mucoid t 3 'pe were more severe 
than those caused by the smooth or non-mucoid variants. 

In our own work on the variants of the hemolytic streptococcus, we 
have laid the chief emphasis on the virulent variants and the charac- 
teristics wliich distinguish them from the avirulent forms, in the hope 
tliat we would gain a better insight into streptococcal infection, but we 
have attempted to make the study as comprehensive as possible in the 
time available. 

The details of the experimental methods and results are as follows: 

Experimental Methods 

(a) Source of Material . — ^The majority of the organisms were obtained from 
blood cultures and direct platings of pus from human lesions. A few strains were 
isolated from normal throats. The strains were preserved b 3 '- picking a colony 
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into a meat tube, incubating for 24 hours, covering the culture vith mineral ofl, 
and storing in the refrigerator. 

In everj' case, vhether blood culture or laboratorj' culture, the strain was plated 
out and carefully studied to determine whether the culture contained one or more 
variants. 

We are indebted to Dr. Lancefield of The Rockefeller Institute, who kindly 
sent the matt virulent, matt attenuated, and glossj' avirulent variants of three 
strains with which she and Dr. Todd (5) worked some years ago. To Dr. Loew- 
cnthal we owe an N and an 0 variant. 

(6) Cullkaiion . — 

J. Blood Agar Plates . — These have the following composition: 


Saline 100.0 cc. 

Neopoptone (Difeo) 2.0 gm. 

KaOH n/ 1 0.5 cc. 

Glycerine 1.0 cc. 

Agar 1.5 gm. 

Horse blood 15.0 cc. 


The first five ingredients are sterilized at 10 pounds for 15 minutes, cooled, the 
horse blood added, and the plates poured. These plates are soft, but if more agar 
is added the colony forms of some of the v-ariants are not characteristic. This 
medium dries out quickly, even in the ice box, and must be used immediately 
after pouring. The plates are incubated at 37®C. for 15 hours. If a longer in- 
cubation is more convenient, a 30'C. incubator should be used. The colonics arc 
examined by reflected light under the colonj' microscope. 

2. Scrum Ncopcplor.c Water . — The ncopoptone water has the following com- 
position: 


Distilled water 100.0 cc. 

Neopeptone (Difeo) 2.5 gm. 

Dcilrosc 0.03 gm. 


The mixture is boiled, adjusted to pH 7.3, passed through a papor filter, tubed in 
appropriate amounts, and autoclaved at 10 pwunds for 15 minutes. For primary 
culti\-ation from blood cultures or meat tubes, 5 p)cr cent horse scrum is added to 
the ncop>cptonc water. The characteristics of the growth (diflusc or flocculcnt) 
am observed after overnight incubation at 37'C. Sccor.dar>' cultures for use in 
p. agoc> tosis arc made by adding 1 drop from the primary culture to 4.0 cc. of a 
mixujrc Oi equal jxarls of neopeptone water and horse serum. These arc grown 
vnlil the first ob\nous turbidity appears. This usually occurs after alx>ut 
to 3 hours. Such cultures m.ay be used immeduitely for phacocvir.'is, rr m.nv 
be stored on ice for as long as 6 hours. It has bcc.n our j’racticc to use cr.lv free hi v 
autcKlaved or boiled " 


I'.lcd neopeptone water to climir..T.tc any grov. th b.g. 
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(c) Phagocytosis in Human Blood . — 

1. Source of Blood. — ^It has been shown that normal adult human blood contains 
specific opsonins for virulent pneumococci, but that these opsonins are absent in 
infant’s blood (14). We have obtained similar results with virulent streptococci, 
so that, whenever possible, we have used defibrinated infant’s blood to exclude 
the effect of such natural specific opsonins. Satisfactory results, however, may 
be obtained by using a mixture of equal parts of adult serum diluted eight times 
with saline, and washed human blood cells. 

2. Technique. — 1 drop from a capillary pipette (equivalent to about 0.03 cc.) of 
the secondary culture described above is added to 0.25 cc. of infant’s blood in a 
pyrex glass tube; the tube is sealed and rotated for 30 minutes at 37°C. The 
tube is then flamed, broken open, and 1 drop of the contents smeared as a blood 
film on a glass slide. The dried smear is flooded with 2.0 cc. of Wright’s stain,^ 
and, after 6 minutes, 2.0 cc. of distilled water is added and left on for 4 minutes. 
The slide is then washed in running water and allowed to dry. Further details 
of the phagocytic technique are given in a paper by Ward and Enders (14). 
Counts are made of the number of organisms phagocyted by 25 or 50 polymor- 
phonuclear leucocytes, and the percentage of these cells taking part in the phago- 
cytosis is noted. The extracellular organisms are studied for the presence or 
absence of capsules. 

(d) Mouse Phagocytosis. — ^Normal mice are prepared by injecting 0.5 cc. of 
saline into the peritoneum in order to induce a cellular exudate in advance of the 
injection of organisms. 4 hours later 0.25 cc. of the secondary culture of the 
variant to be investigated is injected into each mouse. One mouse is killed 
hour later, and a drop of the peritoneal exudate is withdrawn with a wide bore 
capillary pipette, smeared on a glass slide, and stained with Wright’s stain as de- 
scribed above. A second mouse is killed after 1 hour, a third after 2 hours, a 
fourth after 4 hours, and the peritoneal exudate similarly smeared and studied for 
phagocytosis and encapsulation of free organisms. 

(c) Mouse Virulence. — K 24 hour 5 per cent horse serum neopeptone water 
culture is serially diluted 10~^ to 10“® in neopeptone water, and 0.5 cc. of each of 
these dilutions injected intraperitoneally into normal mice. 0.1 cc. of the 10“® 
dilution is plated out on blood agar, and the number of colonies counted after 
incubation. The mice are observed for 4 days, and the cause of death verified 
by heart blood culture. 

(/) Spontaneous Agglutination. — A culture in 5 per cent horse serum neopep- 
tone water or in infusion broth without serum is incubated for 18 hours, well 
shaken up, and 0.5 cc. of this emulsion is mixed with an equal quantity of saline 
and placed in a water bath at 55°C. After 3 hours, the tubes are read as for 
agglutination. 

^ 0.3 gm. of powder, obtained from the Coleman and Bell Co., Norwood, Ohio, 
is added to 100 cc. of absolute methanol, and allowed to stand for 1 week, being 
shaken at intervals. 
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fiocculently in 5 per cent horse serum neopeptone .water. It agglu- 
tinates spontaneously in infusion broth without serum, but remains in 
even suspension in 5 per cent horse serum neopeptone water. 

We have experienced difficulty in correlating the F with any pre- 
viously described variant. It conforms most closely with the pub- 
lished description of Loewenthal’s N variant (3), except that the N 
was found to be highly virulent for mice. Unfortunately, the single 
N culture which we were able to obtain from Germany did not con- 
form to Loewenthal’s description, and was apparently an M variant. 
It is likely that the F corresponds to Dawson and Olmstead’s (4) 
smooth convex variant. Todd’s classification does not include this 
form. 


Atypical F Variant 

This variant has been isolated from tlie blood stream of two cases of 
mastoiditis. It differs from the typical F only in having a conical 
colony without central depression, and forming heavier capsules. It 
may possibly be a transition form between the F and the M, since it 
has been isolated only in combination with the M. 

M Variant 

The sources of isolation include blood cultures from cases of septi- 
cemia, acute sore throats, localized infections, and normal throats. 
Tliis variant is apt to change into the attenuated M variant when 
kept under laboratory conditions. 

The M is more or less mouse-virulent, and the virulence, if not 
maximal, can be increased by mouse passage. This form is resistant 
to phagocytosis in infant’s blood and in the mouse peritoneum. In 
each case, the cocci are surrounded by a well marked capsular struc- 
ture. These capsules persist in the mouse, and the organisms increase 
rapidly in number as time goes on. 

The appearance of the colony depends to some extent on the length 
of incubation time. The younger colonies — 6 to 8 hours — are of the 
mucoid t}Tpe, being smooth, watery, and of regular contour. The 
older colonies have a matt or wrinlded surface, but still retain the 
regular contour (see Fig. 2). The colonies are flatter and larger than 
those of the F or C variants. Growth in 5 per cent horse serum neo- 
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peptone "water is diffuse, and there is no spontaneous agglutination 
in either plain broth or in the 5 per cent horse serum neopeptone -water. 
This variant appears to be identical -with the matt virulent variant 
of Todd (2), the M variant of Loewenthal (3), and the mucoid variant 
of Dawson and Olmstead (4). 

Attenuated M Variant 

This has been met -with only in cultures which have been kept in the 
laboratory for some time. Some of the strains which are used for 
toxin production are of this tj'pe. Similarlj', an old culture of Strepto- 
coccus epidemicus was an attenuated AI. Unfortimately, we had no 
recent isolation from an outbreak of milk sore throat available for 
study, but the descriptions in the literature would lead us to believe 
that the Streptococcus epidemicus, when newly isolated, is probably an 
M variant. 

It is not mouse-\drulent, but according to Todd (2) the \-irulence can 
be restored by mouse passage. On the other hand, he states that, if 
cultivated for long periods on blood agar, it may give off a permanently 
a^^rulent variant. We believe that the latter is the C variant, de- 
scribed below. 

The attenuated does not resist phagocj’tosis m infant’s blood or 
in the mouse peritoneum, although in both cases the capsular struc- 
ture is morphologically indistinguishable from that of the M variant. 
One can often find capsulated forms -within the cell. 

The colony appearance is the same as that of the 2^1. Its growth in 
5 per cent horse scrum ncopeptonc water may be either diffuse or 
flocculcnt. If gro-wn in this medium it agglutinates spontaneously, 
but when gro-wn in infusion broth -without scrum it remains in even 
suspension. It corresponds to the matt attenuated variant of 
Todd (2). 


C Variant 

^\ e look upon this as the avirulcnt variant, although it was on one 
occasion isolated from a case of mastoiditis -.\-ith sinus thrombosis, 
vhich ended in recovciv-. There were several negative blood cultures 
in this c.ase, but one blood culture was positive, and from it the C 
\ ariant was isolated in pure culture. The C v.-as also found in normal 
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throats and in the glossy, avirulent cultures sent to us by Dr. Lance- 
field. It is not mouse-virulent, and according to Todd (2) , this variant 
does not become virulent on mouse passage. It does not resist 
phagocytosis either in the infant’s blood or in the mouse peritoneum, 
and has no capsular structure. 

The colony that we have most frequently seen is conical in shape, 
without central depression (see Fig. 3); but occasionally we have 
noted a flat, rough colony form. It grows flocculently in 5 per cent 
horse serum neopeptone water, and agglutinates spontaneously in 
both infusion broth without serum and 5 per cent horse serum neo- 
peptone water. It is not unlikely that it is this variant which causes 
so much trouble in agglutination tests. 

The C appears to correspond to Todd’s glossy avirulent variant (2), 
and perhaps, on the basis of avirulence, to Dawson and Olmstead’s 
smooth flat (4). 

Unclassified Variant 

We have been unable to classify two strains which behaved in a 
similar manner. One of these was isolated from a normal throat, 
and the other from the blood stream in a fatal septicemia. There were 
two colony forms, one conical and the other mucoid. Single colony 
picks of either form constantly reproduced both types of colony. 
Growth in 5 per cent horse serum neopeptone water was flocculent. 

There was abundant phagocytosis in both infant’s blood and in the 
mouse peritoneum. In each case, some of the free cocci had no cap- 
sule, while others were heavily capsulated. The culture from the 
heart’s blood, after mouse passage, again yielded the two colony types. 
This variant is apparently a very unstable M, but we prefer to leave it 
unclassified. 


COMMENT 

Although, as we have stated, our chief interest in this investigation 
centered around the question of virulence, it was first necessary to 
devise methods, which we have described, by which we could identify 
the different variants. 

Recognition of Variants . — Our experience in studying numerous 
strains and their variants has taught us that no single method is abso- 
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cells of the host, as was demonstrated by Bordet (11) nearly 40 years 
ago. This author, in the year 1897, injected guinea pigs with virulent 
streptococci, and noted that the majority of the organisms were 
phagocyted at once, but the few that remained free developed capsules, 
resisted phagocytosis, and increased in number until death of the 
animal ensued. This clue to the virulence mechanism of at least some 
strains of streptococci was largely forgotten until Hare (12) in 1929 
showed that mouse-virulent streptococci in young culture resisted 
phagocytosis by human blood, whereas old cultures were readily taken 
up by the phagocytes. Seastone (13) has recently demonstrated that 
hemolytic streptococci which grow diffusely in serum broth resist 
phagocytosis in young culture, and he correlated this resistance with 
the development of a capsule. We have found that the M variant 
freshly isolated from human infections grows diffusely in serum broth, 
develops capsules in young cultures, and that these organisms resist 
phagocytosis. It is clear that both Hare and Seastone were working 
with the M variant. 

On the other hand, the F variant, frequently isolated from human 
infections (some of them fatal septicemias), grows flocculently in 
serum broth, and when grown in young culture in the usual laboratory 
media fails to develop capsules and is readily phagocyted. Both M 
and F variants, however, develop capsules and resist phagocytosis if 
they are grown for a short time in undiluted human serum. The same 
results may be obtained by substituting equal parts of horse serum 
and neopeptone water. This is an obvious convenience. The sig- 
nificance of the capsule in relation to virulence will be discussed later. 

Although both the F and the M variants resist phagocytosis under 
these conditions, only the M variant has any virulence for mice. 
After much study, we are unable to e.xplain the lack of virulence for 
mice in the case of the F variant. Its human virulence can hardly be 
questioned, since it has been repeatedly isolated from the blood 
stream in fatal septicemias. 

On the basis of these facts, we have abandoned the mouse test in 
favor of resistance to phagocytosis as a criterion of human virulence. 
It might be argued that any streptococcus, virulent or avirulent, would 
resist phagoc 3 ’'tosis under these e.xperimental conditions, but the 
validity of the test is substantiated by: (1) the phagocytosis of the 
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Capsules— The resistance to phagocj'tosis of the virulent varian 
appears to be associated with the presence of capsules on t c organum-, 
better marked in the case of the M variant. No capsule can be demon- 
strated on the avirulent variant. However, this structura i icrencc 
between the virulent and aNdrulcnt variants cannot be t ic so c ..c or 
in determining resistance to phagocytosis, since the attcnualcc . 
variant, which is readily phagocj'tcd, has a capsule v. ic i is in i_ 

tinguishablc from that of the M variant. 

Orifilr. of the Dijfcrcnl V'ermn/J.— At the present time, we arc in- 
clined to regard the F variant as the parent form of the Slrci .ccc.c.is 
/:rn;cly!;cus of human origin, since v.'c have only cncountcri.< A in 
primaiy isolation. On the other hand, all the other \ariauts ...••> - 

derived from the F. It may be of some signilicancc that. .\hi c t .c^ 
variant w.as isolated from the blood stream the whole >car ro„n' , tn. 




HUGH K. U'AHD AND CHAMP LYONS 


529 


6. ilcLeod, J. W., A system of bacteriologj' in relation to medicine, Great 

Britain Medical Research Council, London, His ’vlajestj-’s Stationeiy Office, 
1929, 2, 57. 

7. Eagles, G. H., Bril. J. Exp. Path., 1928, 9, 330. 

8. I^Ienkin, V., J. Exp. Med., 1933, 67, 977. 

9. Dennis, E. W., and Berberian, D., J. Exp. Med., 1934, 60, 581. 

10. Tillett, W. S., and Gamer, R. L., /. Exp. Med., 1933, 58, 485. 

11. Bordet, J., Ann. Inst. Pasteur, 1897, 11, 177. 

12. Hare, R., Brit. J. Exp. Path., 1931, 12, 261. 

13. Seastone, Y., J. Bad., 1934, 28, 481. 

14. Ward, H. K., and Enders, J. F., J, Exp. Med., 1933, 67, 517. 

EXPLANATION OF PL.ATE 23 

Fig. 1. Colony of F v'ariant. 

Fig. 2. Colony of !M variant. 

Fig. 3. Colonies of C variant. 



528 


HEMOLYTIC STREPTOCOCCUS OF HUMAN ORIGIN. I 


M variant was pnly isolated in blood cultures during the winter 
months — the so called streptococcus season. Since it is known that 
the M variant may be derived from the F by mouse passage, it is con- 
ceivable that the winter prevalence of the M variant may be due to the 
high incidence of upper respiratory infections and consequent frequent 
passage of the hemolytic streptococcus from one case to another. 

Other Variants . — In his account of the variants of the hemolytic 
streptococcus, Loewenthal (3) mentions two other variants, the 0 and 
the R. We have not encountered either of these two variants in our 
own work. 

CONCLUSIONS 

1. Four common variants of the hemolytic streptococcus of human 
origin have been described. These have been designated the F, M, 
attenuated M, and C variants. 

2. The F and M variants only have been isolated from the blood 
stream in streptococcal infections. Only the M, however, has any 
primary virulence for the mouse. 

3. Both these variants resist phagocytosis in human blood under 
suitable conditions, and this appears to be a reliable test for human 
virulence. 

4. The attenuated M variant, found only in laboratory cultures, 
has a capsule as well developed as tliat of the virulent variants, and 
yet does not resist phagocytosis. 

5. The C variant has no capsule and is readily phagocyted. It 
appears to correspond to the avirulent variant in other species. 

6. An attempt has been made to correlate these four variants with 
those already described in the literature. 

7. The application of these findings to the problem of virulence has 
been discussed. 
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opsonins, immune opsonins, and bacteriotropins, inasmuch as we 
believe they are qualitatively identical (4). 

It has long been recognized that the streptococci form an antigenically heterol- 
ogous group, and many attempts have been made to type these organisms with 
antibacterial sera. The majority of workers have used agglutination, but, owing 
to the multiplicity of antigens involved, have met with many difficulties (5). 
Dochez, Avery, and Lancefield (6) in 1919 used agglutination and mouse protec- 
tion in typing strains obtained from an epidemic of bronchopneumonia. On this 
basis, they were able to divide two-thirds of their strains into four groups, the 
remaining third being unclassified. More recently, Lancefield (7) has isolated the 
tjTpe-specific precipitinogen of the streptococci of human origin, designating it the 
M substance. 

Since both the mouse protection and precipitin tests, although ac- 
curate, present considerable practical difficulties, as will be emphasized 
later, we have investigated the possibility of typing the streptococci 
by the opsonic technique. We have further attempted to identify 
the opsonin with the type-specific antibody which precipitates the 
M substance of Lancefield (7) and to differentiate the opsonin from 
the specific agglutinating antibody. 

Experimental Procedures 

(а) Source of Material . — The same as in Paper I. 

(б) Cultivaiioji . — ^The same as in Paper I. 

(c) Phagocytosis in Human Blood . — ^The same technique was used as in Paper I, 
save that in experiments where the opsonins in immune sera were being studied 1 
drop (0.03 cc.) of diluted serum was added to tlie system. We have found that 
foreign serum in strong concentration inhibits the phagocytosis of the strepto- 
coccus in human blood. Consequently, we have always diluted rabbit serum 
1 : 10 and horse serum 1 : 5 before adding to the phagocytic system. 

{d) Preparation of Antisera . — ^It has been the general e.\perience of workers in this 
field that protective antisera are much more difficult to prepare than agglutinating 
antisera, and that living cultures must be used in the course of the immunization. 
This has also been the experience of Lancefield (7) in preparing sera which would 
precipitate the M substance. We have met with the same difficulty ourselves in 
preparing sera which contained the specific opsonins. This, indeed, has been our 
major handicap in attempting to type the virulent streptococci by the opsonic 
method. We have been unable to obtain opsonizing antisera by injecting cultures 
killed by heat, formalin, or alcohol. Even the injection of living cultures has been 
successful in only a few instances. Unfortunately, we realized too late the diffi- 
culties inherent in the production of these antisera, and there was then no time to 
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subject to the prolonged course of immunization vrhich is apparently 

necessary. The method employed to produce active antiserum vras as follows: 
0.1 cc. of a 3 hour culture of the hi variant in 20 per cent rabbit serum neopeptone 
■water was injected intravenously into rabbits at weekly intervals. It vras ob- 
served that the rabbits, in almost all cases, had a positive blood culture for from 1 
to 3 days after this injection. In manj' rabbits we were unable to demonstrate the 
development of opsonins even after many weeks, during which this phenomenon 
had been repeatedly observ'ed. We have not used the living F variant as an 
antigen. 

(e) Preparation of Bacterial Extracts. — Extracts were prepared from 16 hour 
broth cultures of the F and M variants exactly as described by Lancefield (7). 

(/) Absorption of Antisera. — ^All absorptions were carried out according to the 
technique of Lancefield (7), 16 hour broth cultures of the F and hi vTiriants being 
used, 

(g) Precipitation Tests. — The bacterial extracts were layered on the unabsorbed 
and absorbed antisera and read after 2 hours at room temperature. Some of our 
antisera gave a positive ring test with broth or peptone alone. To avoid error 
from this source, it is necessary to wash thorough!}’ cultures which are to be used 
for the preparation of bacterial extracts. This phenomenon made it impossible in 
most cases to investigate any bacterial precipitinogens in the supernatant fluid of 
broth cultures. 

(/j) Agglutimtion Tests. — "Wc have used two techniques in preparing cultures 
for agglutination tests: (1) Young cultures of the hi and F variants in 50 per cent 
horse serum neopeptone water were prepared as for the phagocytic test. (2) 
Cultures of the hi and F variants were grown in 5 per cent horse serum neopeptone 
water for 15 hours after the first visible sign of growth. 

In both cases, the cultures -were well shaken up and 0.5 cc. added to an equal 
quantity of saline dilutions of the antiserum in agglutination tubes, the control 
tube for spontaneous agglutination containing culture and saline alone. These 
tubes were placed in the water bath at 55°C., and read at the end of 3 hours. 

(0 Bactericidal Technique . — These tests were carried out by the modified Todd 
technique described by one of us (8). 16 hour cultures of the F and M vuriant in 
3 per cent horse scrum neopeptone water were serially diluted in neopeptone water, 
and added to the mixture of blood and diluted antiserum. To a control scries, 
the same dilution of normal scrum was added. The tubes were se.aleti, rotated in a 
37'C. incubator for 48 hours, and then 1 drop of the contents of each tube platc<l 
out. 

U) Passive Mouse Protection . — A scries of six mice were injected intraperi- 
toncally with 0.2 cc. of a homologous antiserum, another series with 0.2 cc. cf a 
heterologous anti.'crum, and a third scries with 0.2 cc. of norma! rabbit scram. 
Tlic next day, each scries ■was injected inlrapcritoncally with, the ii’ring, wiralent 
culture, one mouse rcccirir.g 0.5 cc. of the culture d.Tutcd 1 : 10 , the next m-'-u'c 
receiving 0.5 cc. of a 1 : 100 dilution and so on, the sixth mouse in the se.'ies rretiv- 
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ing 0.5 cc. of a 10"® dilution of the culture. Mice which died before the end of the 
4th day were autopsied and cultures made of the heart’s blood. Mice which sur- 
vived 4 days were assumed to be protected. 

(k) Phagocytosis in Mouse Protection Test . — ^Phagocytosis in infant’s blood of a 
young culture of the organism in the presence of the homologous antiserum, of the 
heterologous antiserum, and of the normal serum were carried out in the usual way. 
In addition, one mouse was injected intraperitoneaUy with 0.2 cc. of a homologous 
antiserum, and one mouse with 0.2 cc. of a heterologous antiserum; tlie next morn- 
ing, each mouse received an intraperitoneal injection of 0.5 cc. saline, and 4 hours 
later an intraperitoneal injection of 0.01 cc. of a j'oung culture of the organism 
grown in 50 per cent horse serum neopeptone water, centrifuged and resuspended 
in neopeptone water. The mice were killed 4 hours later; the peritoneal contents 
smeared on a glass slide, and stained with Wright’s stain. 

RESULTS 

(a) The Correlation hclween Mouse Protection and Phagocytosis . — 
It is weU known that mice can be protected against virulent hemolytic 
streptococci (M variant) by a previous injection of a specific anti- 
serum. If this protection is due, or mainly due to the phagocytosis 
of the injected organisms, it is necessary to show tliat the protecting 
antiserum contains specific opsonin, and that phagocytosis actually 
occurs in the mouse in the presence of tliis serum. 

Tables I and II show clearly that Antiserum 301 contains opsonin 
for the Strain S 23 and protects mice against tliis strain, wfiiereas Anti- 
serum 190 and normal rabbit serum neither protect the mice nor 
opsonize the organisms. 

If the peritoneal fluid of the mouse is studied 4 hours after 0.01 cc. 
of a young culture is injected, we have observed tliat in the case of the 
mouse receiving the specific antiserum, free cocci either cannot be 
found or are few in number, whereas many of the cells contain cocci, 
some of which stain faintly, suggesting that digestion has already 
commenced. On tlie other hand, in the fluid of tlie mouse receiving 
tlie heterologous antiserum, there are an enormous number of free, 
encapsulated streptococci, with no evidence of phagocytosis. 

{b) The Opsonic Action of Anti-M Sera on F and M Variants. — We 
had only two opsonizing antisera for strains of which w^e had both 
the F and M variants. The opsonic e.xperiments performed with 
these two antisera on the F and M variants of homologous and heterol- 
ogous strains are recorded in Table III. In tliis experiment. Anti- 
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serum 189 was prepared by injecting a rabbit with li\dng Phil. (jSI) 
culture and Antiserum 190 was prepared by injecting a rabbit with 
living Men. (M) culture. The strain C. H. was found to be op- 
sonically homologous with the strain Phil, and is included in the ex- 
periment to demonstrate this method of tj'ping. The strain Col. was 
not opsonized by either antiserum. 


TABLE I 


Dose of streptocoed 
Slmin $23 — M variant 

Fate of injected with 

1 Anliscrua 301 

Antiserum 150 

Xormal serum 

10-1 

D* 

D 

D 

10-= 

s 

D 

D 

10-1 

S 

D 

D 

10-* 

s 

D 

D 

10-* 

s 

D 

D 

10-0 

s 

D 

S 


* In this table, D = death of mouse, S = survival of mouse. 


TABLE n 


Xo. of streptococci (Strain Sn— M variant) phasocyted by infant's Ifoorf pfns 


Antjscnia 301 

Antiserum 190 

Xcrsul jc.-cn 

291-100* 

0-0 

0-0 


* In this and subsequent tables, the first figure represents the number of organ- 
isms phagocyted by 25 pobmiorphs, the second figure the percentage of poly- 
morphs tvhich have pliagocj'tcd one or more organisms. Thus. 291-100 indicates 
that 291 streptococci were counted in 25 poh-morphs, and that no empty cells 
were met with. 

(r) T/;c Rdatioiiship oj the Specific Opsonin, the Specific Precipitin, 
and the Specife Agglutinin in Anti-M Variant Sera. — In the c.xpcri- 
ment reported in Tables IV and V. we have tested for the specific 
opsonin, the specific precipitin, and the specific agglutinin in an anti- 
serum unabsorbed, absorbed with the homologous atypical F variant, 
and absorbed ivilh the homologous M variant. The experiment is 
controlled by absorbing the same antiserum iviih hetcrolngous F .and 
M vari.mts. The whole e.xpcrimcnt, including the absor]i'ior;s was 
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ing 0.5 cc. of a 10~® dilution of tlie culture. ]Mice which died before the end of the 
4th day were autopsied and cultures made of the heart’s blood, hlice which sur- 
vived 4 days were assumed to be protected. 

(k) Phagocytosis in Mouse Protection Test . — ^Phagocytosis in infant’s blood of a 
young culture of the organism in the presence of the homologous antiserum, of tlie 
heterologous antiserum, and of the normal serum were carried out in the usual way. 
In addition, one mouse was injected intraperitoneaUy wdth 0.2 cc. of a homologous 
antiserum, and one mouse with 0.2 cc. of a heterologous antiserum; the next morn- 
ing, each mouse received an intraperitoneal injection of 0.5 cc. saline, and 4 hours 
later an intraperitoneal injection of 0.01 cc. of a young culture of the organism 
grown in 50 per cent horse serum neopeptone water, centrifuged and resuspended 
in neopeptone water. The mice were killed 4 hours later; the peritoneal contents 
smeared on a glass slide, and stained with Wright’s stain. 

RESULTS 

(fl) The Correlation between Mouse Protection and Phagocytosis . — 
It is well known that mice can be protected against virulent hemolytic 
streptococci (M variant) by a previous injection of a specific anti- 
serum. If this protection is due, or mainly due to the phagocjdosis 
of the injected organisms, it is necessary to show tliat tlie protecting 
antiserum contains specific opsonin, and tliat phagocytosis actually 
occurs in the mouse in the presence of this serum. 

Tables I and II show clearl}'' that Antiserum 301 contains opsonin 
for tlie Strain S 23 and protects mice against this strain, whereas Anti- 
serum 190 and normal rabbit serum neither protect the mice nor 
opsonize the organisms. 

If the peritoneal fluid of the mouse is studied 4 hours after 0.01 cc. 
of a young culture is injected, we have observed that in the case of tlie 
mouse receiving the specific antiserum, free cocci either cannot be 
found or are few in number, whereas many of the cells contain cocci, 
some of which stain faintty, suggesting that digestion has already 
commenced. On tlie other hand, in the fluid of tlie mouse receiving 
the heterologous antiserum, there are an enormous number of free, 
encapsulated streptococci, with no eiddence of phagocytosis. 

(5) The Opsonic Action of Anti-M Sera on F and AT Variants . — ^We 
had only two opsonizing antisera for strains of wliich w^e had both 
the F and M variants. The opsonic experiments performed with 
these two antisera on the F and M variants of homologous and heterol- 
ogous strains are recorded in Table III. In this experiment. Anti- 
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repeated with essentially the same findings. Attention should be 
drawn to the use of an atypical F variant (see Paper I) in the homol- 
ogous absorption. This was unavoidable, since we had no antiserum 
strong enough to use with a homologous typical F variant. 

Ass umi ng that the results would be the same had a homologous 
typical F variant been used, the experiment recorded in Tables IV 
and V shows that: (1) The homologous M variant absorbs completely 
the specific opsonin, specific precipitin, and the specific agglutinin from 
the antisenun for both itself and the F variant. (2) The homologous 
F variant absorbs the specific agglutinin, but leaves unabsorbed the 
major part of the specific precipitin and the specific opsonin. (3) 
Neither the heterologous F variant nor the heterologous M variant 


TABLE ni 


Strain 

Variant 

No. of streptococci phagocytcd by infant’s blood plus 

Normal serum 

Antiserum 1S9 

Antiserum 190 

Phil. 

F (atypical) 

6-8 

217-88 

4-4 

Phil. 

M 

2-4 

355-100 

2-4 

CH. 

F (atypical) 

18-20 

238-80 

21-24 

CH. 

M 

0-0 

92-40 

0-0 

Men. 

F 

0-0 

4-4 

96-52 

Men. 

M 

0-0 

0-0 

51-28 

Col. 

F 

0-0 

6-4 

0-0 

Col. 

M 

0-0 

0-0 

0-0 


appreciably absorb the specific agglutinin, the specific precipitin, or 
the specific opsonin. 

These findings suggest that: (1) The specific opsinogen is identical 
with aU or part of the specific precipitinogen (the M substance of 
Lancefield (7)). (2) The specific agglutinogen is not antigenically 

identical with the specific precipitinogen or the specific opsinogen. 

The previous experiment reported in Table III indicates that the 
F and M variants in young culture have the same opsinogen, and the 
only explanation we can offer for the failure of the F variant in an 
old culture to absorb the specific precipitin and the specific opsonin 
is that, in the old cultures used for absorption, the F variant has lost 
its specific opsinogen and specific precipitinogen, whereas the M 
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{d) Opsonic Typing of the Hemolytic Streptococci . — This phase of 
the work was severely handicapped by our difficulties in producing 
opsonizing antisera, but the five available sera indicated the im- 
mensity of the problem. One antiserum identified two homologous 
strains out of twenty-two examined; two antisera did not identify any 
strains out of twenty-four examined. Investigation of two com- 
mercial polyvalant antibacterial sera revealed no effective concen- 


TABLE vn 


Strain 

Variant 

Pbasocjtcsis in ih? blood of 

Infant 

aK.w. 

CL. 

JJLif. 

F.B.G. 1 

JS.E. 

Men. 

F 

0-0 

2~i 

69-2S 

0-0 

122-72 

14-16 

(( 

M 

0-0 

0-0 

0-0 

0-0 

16-16 

0-0 

W 

a 

0-0 

104-72 

0-0 

0-0 

0-0 

0-0 

S:i 

it 

0-0 

34-32 

2-4 

12-S 

126-76 

■ai 

SR 

F 

0-0 

0-0 

14-0 

3S-24 

14-20 


Cal. 

tt 

1 

0-0 

0-0 

'41-24 

4-S 

2-4 


FL 


0-0 

2-4 

2-4 

0-0 

4-4 

0-0 


TABLE vm 


Strain 

Variant 

Infant's tlood 

Coocrr.traticn c! 

rhajncj'tcais 

Phil. 


ce. 

0.25 

n 

147-f4 

tf 

fi 

0.25 


52-72 


4i 

0.25 


40-32 


<t 

0.25 

1:64 

21-20 


u 

0.25 

1:I2S 

5-4 


<( 

0.25 

— 

0-0 


tralion of opsonlns for any of forty-seven strains c.xamined, thus con- 
firming similar work by Hare (11) and by Fothergill and Lium (16). 

(r) Natural Opsonins . — During the course of these c.-cpcriments, an 
M variant was isolated from the throat of one of us during an attack 
of acute pharjmgitis. Some months after convalescence, and long 
after the organism had disappeared from the nasophatyn.x. this in- 
dividual s blood phagocyted this organism readily, whereas we v.ere 
unable to demonstrate any phagocyto.=:is of this organism by the L! vid 
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of any other adult in the laboratory. Seastone (9) has reported a 
similar experience, using essentially the same phagocytic technique. 
These observations would appear to explain the absence of opsonins 
to virulent streptococci in infant’s serum, and the presence of such 
opsonins for certain strains in the serum of adults. On this account, 
we would prefer the term “acquired opsonins,” although to avoid 
confusion we have retained the more commonly used term “natural 
opsonins” in this section. 

In Table VII, we have recorded the phagocytic effect of natural 
opsonins on certain F and M variants. This experiment shows that 
opsonins are absent in infant’s serum and present in varying amount 
for certain strains in the serum of adults. 

Inasmuch as polyvalent antisera do not contain opsonins for virulent 
streptococci, we have titrated the natural opsonin in the serum of one 
adult in order to determine whether it was sufficiently concentrated 
to use in immunotransfusion. This titration is recorded in Table 
VIII. In theor}'', one might expect to benefit a child by transfusing 
him with 500 cc. of whole blood, containing natural specific opsonin. 

DISCUSSION 

As far as is definitely known at the present time, the body can 
destroy Gram-positive organisms in only one way — by their phago- 
cytosis and intracellular digestion. In the first paper, we presented 
evidence showing that the virulence of the hemolytic streptococcus 
was correlated with the resistance of the organism to phagocytosis. 
In this paper, we have presented evidence for the truth of the coroIlar}q 
i.e., that immunity is correlated with the presence in the animal of 
specific opsonizing antibody against the virulent variants. 

Although Day (12) has recently questioned the type specificity of 
streptococcus immunity, our own experiments and those of other 
workers in this field indicate that immunity is strictly type-specific. 
In view of the accumulating evidence that it is possible to achieve a 
low level of non-specific i m munity to infection with the pneumo- 
coccus, we regret that we did not have the opportunity of repeating 
Dr. Day’s experiments with the cultures which he so kindly sent us. 
In the present state of our knowledge, however, we feel that it is wiser 
to emphasize the importance of D’pe specificity in streptococcal 
immunity. 
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The determination of the types of streptococci has been attempted 
by three methods: agglutination, predpitation, and mouse protection 
tests. We do not believe that any of these methods is suitable for the 
rapid typing of freshly isolated strains. The agglutinative reaction 
has been shown by Andrewes (5) and Williams (13) to depend upon a 
multiplicity of antigens and antibodies, necessitating the absorption 
of antisera. We have presented evidence, moreover, that the aggluti- 
nation of old cultures of virulent streptococd does not necessarily 
identify the all-important opsinogen of the yoimg, capsulated organ- 
ism. The capsulated streptococd in young cultures apparently 
resist agglutmation. It appears to us that the protective mechanism 
is dependent upon the presence of a specific opsonin capable of com- 
bining with the capsular material surrounding the young, drulent 
streptococcus, and is independent of those antibodies which combine 
with the somatic antigens and which may be demonstrated by agglu- 
tination of older cultures. 


The precipitation technique of Lancefield (7) is accurate, but, again, 
requires the preparation of bacterial extracts and the absorption of 
antisera before results can be obtained. 

The mouse protection test has the disadvantage of requiring strains 
of high drulence for mice, and many freshly isolated human-drulent 
strains may require many passages through mice before they attain 
this degree of virulence. 

In proposing the opsonic method for tj'ping the human-dnilent 
vanants of the hemolytic streptococcus, we believe that it is more 
pertinent than the agglutination test and is simpler and more rapid 
than the precipitation and mouse protection tests. Perhaps the main 
reason for the desuetude into which the opsonic method has fallen in 
rwent years is the difficulty of interpreting the results. When we car- 
ried out the test in the ordinary way with IS hour broth cultures, wc 
too were often unable to detect the action of a specific opsonin, since 
even infant s blood can phagocyte many cocci in a culture of this age 
and the addition of a specific opsonin docs not make a really decisive 
dilTercncc in the amount of phagocytosis. When, however, the xdru- 
Icnv streptococcus is grown for a short lime only in 50 per cc.nt horse 


scrum r.eopiptone water, practically no phagocyte 
infant s blood, and the addition of specific opsonin h 


s t.al'.cs place in 
now a decisive 
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effect, giving results easy to interpret, as will be seen by referring to 
Table III. 

Our difficulties have not been with the opsonic method, but vdth 
the preparation of opsonizing antisera. Lancefield (7) has reported 
similar difficulties in preparing the type-specific precipitin, and 
Williams (13) states that the “proportion of rabbits yielding good 
protective antiserum is not great.” All are agreed that living cultures 
must be used in the course of immunization. One might suppose 
that living cultures have to be used in preparing antisera, because any 
agent that kills the coccus alters the protein capsular substance 
(probably identical with Lancefield’s M substance), so that it is no 
longer antigenic. And one could draw an analogy with the anthrax 
bacillus, for here again living cultures have to be used in immunizing 
animals, and Tomcsik and Szongott (14) state that the capsular 
material of the anthrax bacillus is protein in nature. But against 
such a theory must be set the fact that mice can be actively immunized 
against the M variant of the hemolytic streptococcus by injecting the 
heat-killed organisms (IS). 

In view of the difficulty experienced in preparing effective antisera 
against the hemolytic streptococcus in laboratory animals, it is not 
surprising that the polyvalent antibacterial sera available for the 
treatment of streptococcal infections have proved valueless. Both 
Hare (11) and ourselves have been unable to demonstrate opsonic 
antibodies in such sera. Fothergill and Lium (16) report the absence 
of bactericidal antibodies in these sera. It would seem logical to 
attempt to produce effective opsonizing antisera against the commoner 
types of hemolytic streptococci, although it is true we have no evidence 
that they would be therapeutically successful. Such evidence might 
be obtained in another way. We have shown that adults have 
specific opsonins against certain strains of streptococci, and it would 
be practical to select a donor having the specific opsonin for transfusion 
of patients ■with streptococcus septicemia. 

These studies are neither as thorough nor as complete as we would 
wish, but the work had to be discontinued at tliis point and the papers 
are published in the hope that the data may be of some assistance to 
other workers in this field. 
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CONCLUSIONS 

1. An antiserum which specifically protects mice against a \'irulent 
culture (AI variant) of the hemolytic streptococcus contains specific 
opsonin. Phagoc)^osis of the organisms can be observed in the 
peritoneum of the protected mouse. 

2. An antiserum prepared by injecting an animal with the lixdng 
M variant specifically opsonizes both the F and the ^1 variant of 
the strain. . 

3. Evidence is presented which indicates the probable identity of 
the specific opsonin and the anti-M precipitin of Lancefield (7). 
Agglutination appears to be dependent upon a different antibody. 

4. It is possible to tj^e the hemoK'tic streptococci by means of 
specific opsonins, and the opsonic method has certain advantages over 
agglutination, precipitation, and mouse protection tests. It is e\'ident 
from what little has been done that there are many tj-pes. 

5. The serum of infants contains no opsonin for the \nrulcnt hemo- 
lytic streptococci, but the serum of adults may contain specific op- 
Eonins for certain strains. Inasmuch as no opsonins were demonstra- 
ble in two poljwalent antibacterial sera e.tamined, the possibilities of 
therapeutic transfusion are discussed. 
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The previous studies from this laboratorj^ of meningococcus infec- 
tion, particularly those on the carrier problem (1), had left certain 
important questions unanswered which from their nature could best 
be investigated during a localized epidemic. Among such questions 
was the duration of the carrier state when this was due to known 
"epidemic” or disease-produdng strains as contrasted vith the pre- 
sumably saprophjdic or a\drulent strains met with in the case of 
groups of healthy persons studied and reported in the earlier paper 
(1). Further, the whole question of the exact nature of the carrier 
state in the case of the meningococcus was doubtful. Was it to be 
looked upon as a true infection of the body by the organisms, albeit 
more or less localized to the nasopharyngeal mucous membrane, or 
was the relationship between meningococcus and host of much less 
intimate nature involving no reaction of the host to the organism? 
It was certainly desirable to obtain closer information as to the 
virulence of strains, epidemic or sporadic, from the spinal fluid or the 
nasophatyn.x, than had hitherto been available. The latter inves- 
tigation depended, of course, on the introduction and perfection of a 
suitable test for meningococcus virulence in c.vperimental animals. 

With the unanswered questions in mind an invitation from Colonel 
Addi.M3n Davis of the 6th Corps Area Headquarters. Chicago, to 
partiapatc in the investigation of an outbreak of ccrcbrospin.al menin- 
gitis in a Civilian Conservation Corps lumber ca.mp in Wisconsin was 
gratefully accepted.’ 


.'ty ihsaVs arc dec to all those v,;ih whom I vorVe-J c-Eort' 

dc;.-.:!ctt vork po?A?.)le. especially to Colonel .Addif-or. Davb, to .Major 
Hiichrn'., to I.wafcaani II. L. Carr.p, to IJcetcnanl T. Er.r.i.', to Dr. V/. D. ?' 
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Investigation conmienced on Feb. 22, 1934, at C.C.C. Camp Rusk, Wisconsin, a 
camp with a personnel of 215, situated 25 miles from the nearest town. The popu- 
lation of the latter was approximately 3,500. The history of the epidemic up to that 
time was as follows; On Nov. 25, 1933, a case of cerebrospinal meningitis occurred 
in a C.C.C. worker. Since that time 5 other cases had occurred in the camp and 
8 in the civilian population of about 6,000 persons. In point of time the cases had 
been well scattered, occurring every 1 or 2 weeks between Nov. 25 and the date that 
the investigation was commenced. The camp had been intermittently in quaran- 
tine, but before this was first applied and at intervals thereafter contact between 
the camp and the civilian population had been very close. No strains of menin- 
gococci had been recovered by the military authorities working with a mobile 
laboratory, but Dr. Stovall of the Wisconsin State Board of Health had isolated 
2 strains and identified them as “Tj'pe III” meningococci. During the 32 days 
spent at the camp by the present author only 2 fresh cases occurred. Any prob- 
lems, therefore, which were connected with cases of the frank disease itself could 
not be investigated and attention was paid to the carrier situation. 

In all, 72 Type I-III and 23 Type II and 2 Type VII carriers were found in tlie 
camp. A few were found among the civilian population but, unfortunately, circum- 
stances did not allow a detailed examination for carriers outside the camp. The 
work in the camp was necessarily confined, for the most part, to the study of the 
carriers, the approximate degree of their infection and the length of duration of the 
carrier state. This was supervised personally for a little over 4 weeks and was 
then carried on for another 6 weeks first by Major A. P. Hitchens and later by 
Dr. Ernest Q. King, both of whom have kindly given permission for the inclusion 
of their records in this paper. 

In addition to the work carried on at the camp itself, cultures of carrier strains 
and samples of blood from the carriers were obtained and were brought back to the 
laboratories at The Rockefeller Institute where further investigations were made. 
It is realized that the results with the carrier and case strains, especially with 
regard to the virulence tests, are somewhat unsatisfactory on account of the inter- 
val elapsing between the isolation of the strain and the carrying out of the virulence 
test. The arrangements made, however, were the best possible under the circum- 
stances. 


RESULTS 

Of the 94 carriers 71 carried Type I, 22 carried Type II and 1 
carried Type VII; one was a Type I carrier that once showed a Type 
II, and another, that once showed a Type VII; one, a Type II carrier 
once showing Type I; and one carrier showed Type II and Type VII 


to Dr. W. Smith, to Dr. L. M. Lundmark and to C.C.C. enroUees Edmund Malecki 
and Sigfred Moinichen. 
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each once. This gives the high rate of 33.5 per cent Type I carriers 
and 10.7 per cent Type II. As far as throwing light on the duration 
of the carrier state is concerned, the results are unsatisfactory. Owing 
to the need for closing the camp as soon as possible, the authorities 
transferred the men or sent them home very early — in some cases 
even when the last swab had been positive for meningococci. Many 
other carriers were still positive, or had been so recently, when the 
investigation closed. As has been shown elsewhere (1), carriers may 
still be found positive even after 4^ months of negative swabbings. 
This being so, it could not, of course, be said that any of these carriers 
cleared up, the total duration of the investigation being only 2i- 
months. It seems probable that the clearing up of the carrier state 
should be based on negative weekly swabs lasting over a period of at 
least 2 or 3 months, since 3 consecutive negative weekly swabbings 
arc of little value when assessing the normal duration of the carrier 
condition (1). Even if, however, the basis of 3 consecutive weekly 
swabbings'should be adopted as indicating a cure, the results obtained 
in the present investigation were imsatisfactory. Thus: — 


11 T>’pe 1 1 
4 Tj-pc 11} 


carriers were still poritive when swabbing ceased. 


6 Tj-pc 1 1 
8 Tj-pc IIJ 


carriers showed only 1 negative culture when swabbing ceased. 


20 Type 1 
4 Type II 


carriers showed only 2 negative cultures when swabbing ceased. 


5 Type I carriers showed only 3 negative cultures when swabbing ceased and 
4 Type 11 period from the last positive to the last negative was less than 

3 weeks. 

It is dear, therefore, that 42 out of 72 T>pe I carriers and 20 out of 
23 T^c II carriers, on any of the criteria accepted for the "cure” of 
meningococcus carriers, were still potentially affected when the in- 
ve.stigalion ended. 

It is with these considerations in mind that the t.able showing the 
duration of the carrier state during epidemic conditions at (iamp 
Rusk should be c.xamincd (Table I). It will then be .'ccn that, on 
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the basis of “cure” constituted by 3 consecutive weekly negative 
swabs, 37.5 per cent of Type I carriers lasted 4 weeks or less, 33.5 
per cent lasted 5 weeks or over and 29.3 per cent were still potentially 
affected when last seen, having lasted 4 weeks or less up to that time. 
With the Type II carriers 13 per cent lasted 4 weeks or less, 4.3 per 
cent (this represents only 1 case) 5 weeks or more and 82.7 per cent 
were still potentially affected when last seen. 


TABLE I 


Duration of carrier state 

! 

Type I carriers 

Type II carriers 

days 


per cent 


per cent 

1 

16 

22.2 

2 

8.7 

Id — b 

7 

9.7 

14 

60.9 

wis. 





1++ 



4 

17 A 

2 

6 

8.3 



2-1-1- 

4 

5.6 

1 

4.3 

2-J 

1 

1.4 

1 

4.3 

3 

3 

4.2 



3-1 — h 

10 

14.0 



4 

1 

1.4 



5 

2 

2.8 



5-1-1- 

5 

7.0 



6+ + 

7 

9.7 



7++ 

2 

2.8 



7i++ 

2 

2.8 



8 

1 

1.4 



^++ 

3 

4.2 



9++ 

1 

1.4 



11++ 

1 

1.4 

1 

4.3 


+ + = negative swabbings not obtained 3 times at weekly intervals in these 
carriers. 


Even on this basis, then, the number of Type I carriers remaining 
positive for over 5 weeks was high. The figure was comparable to 
that recorded by Flack (2). He showed that 47.59 per cent of contact 
carriers lasted over 4 weeks and 52.41 per cent under 4 weeks. In 
non-contacts the average duration was shorter and the figures were 
27.77 per cent and 72.23 per cent respectively. The experience in this 
laboratory has been contrary to that of Flack in that non-contacts, 
carrjdng atj^ical strains, tend to be chronic carriers (1). 
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It is believed that the average duration of the carrier state as demon- 
strated at Camp Rusk or as recorded an)rwhere in the literature is put 
somewhat, and probably much, too low. In the case of the Camp 
Rusk epidemic another variable factor occurred in the change of 
personnel which took place twice during the investigation. Although 
exactly the same equipment be available and the same technique be 
adopted in each case, there is no doubt that the personal element is 
very great in any method used for the detection of meningococcus 
carriers. The individual who has had several years of close e.xperience 
with this work will inevitably find a higher percentage of positive 
throat plates than anyone coming to the task relatively ine.xpcrienced. 

It is undoubtedly true that the greater number of these carriers at 
Camp Rusk, carrying t3q)ical Type I or Type II (epidemic) strains, 
did not give such constantly positive plates as had been usual amongst 
the non-contact group carrying, for the most part, strains not identical 
with Gordon’s 4 types; that is, what might be called non-epidemic 
strains (1). This fact, added to the fact that the demonstrable carrier 
duration with epidemic strains was relatively short, might be taken in 
support of the theory that virulent strains of meningococci arc carried 
for only short periods as compared with the comparatively non- 
virulcnt or even saprophytic strains. This would be in accord with 
the kno^v'n facts with regard to pneumococcus carriers (3-5). On the 
other hand, it must be borne in mind that laboratory' conditions at the 
C.C.C. camp were by' no means ideal and that this fact together with 
the changing personnel would undoubtedly' affect the work adversely 
and produce a higher percentage of apparently negative throat cultures 
than was actually the case. The question of duration of the carrier 
state when virulent (epidemic) typical meningococcus strains arc 
concerned, which is an important unsolved problem, must still be 
regarded as subjudicc. 

Virulence of Strains for Mice 

:\ study of the virulence of meningococcus strains gathered during 
an epidemic depended, of course, entirely on the c.xistence of a suitable 
animal test. Such a lest had not been available, at least in small 
lal^oratory animals, until Miller (6) described his method of producing 
<..vperiment.al meningococcal infections in mice by the use of in\;cin 
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suspensions. A study of this method confirmed all that Miller had 
claimed for it and showed that, at least in certain susceptible breeds 
of mice, it gave consistent results which could be used as a basis for 
the titration of meningococcal virulence.^ 

The following has been adopted as the standard method for the titration of the 
virulence of meningococcus strains. A 6 per cent solution of hog’s gastric mucin 
at pH 7.4 is prepared according to the method described by Miller. The strain 
to be investigated is grorm for 16 to 18 hours on a 10 per cent rabbit’s blood 
pneumococcus agar. It is then washed off in normal saline and the saline suspen- 
sion diluted until a standard suspension, containing 2,000,000,000 organisms to the 
cubic centimeter, is obtained. Dilutions of this suspension, each 1 in 10, are made 
in the 6 per cent mucin. For most strains it has been found that dilutions from 
10 to 10 are sufficient for the titration of virulence. A cubic centimeter of 
10~* dilution will contain 20,000,000 organisms and a cubic centimeter of 10“®, 
2,000 organisms. 1 cc. of the 6 per cent mucin suspension of each dilution is in- 
jected intra-abdominally into at least 2 mice. It is important that all steps 
involving the meningococci, from the time they are washed from the plate until 
the inoculation is made, be carried out as rapidly as possible. The lowest dilution 
at which all mice die is taken as the end-point, but any deaths beyond this point 
are indicated by a + sign. Thus, if all mice die at 10”® and only 1 out of 2 or 3 at 
10”®, the virulence is given as 10”®-!-. It has been found that in order to obtain 
consistent results the susceptible breed of white-face mice is the most satisfactory 
of those yet tested. 

Using this method of virulence titration, 34 strains isolated from the 
carriers at Camp Rusk were tested after they were brought back to 
the laboratory at the Institute. Of these strains, 14 were Type I, 
12 Type II, 3 Type VII and 5 were Neisseria catarrhalis strains isolated 
from carriers. Table II shows the mouse virulence of these strains. 

It is clear from Table II that the majority of Type I strains had a 
high virulence, 78.6 per cent showing a virulence of 10“® or greater. 
There is no explanation why one Type I strain should have failed to 
kill at all. At the time it was titrated it had been isolated from the 
nasopharynx 24 days, and the average elapsed time for Type I strains 
was 24.7 days with a spread of from 15 days (strain with virulence 
10”® -I-) to 36 days (strain with virulence 10”® -f). The virulence of 

2 Not all batches of mucin obtained from commercial sources are alike in their 
power of enhancing the pathogenic activity of meningococcus strains. Some 
batches of Wilson’s gastric mucin, for example, fail to favor the organism at all. 
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the Type II strains is significantly less than tha^t of the Tye 1. 
66.7 cent of Type H strains have a virulence of 10 + an^only 

1 strlin (out of 12) has a virulence greater than this The vii^en 
of the atypical Type VII strains was much less, the most virulent 
strain being only lO'^ +, while the strains of V. ^ 

pletely avinilent with the exception of one that killed at 10 . 

The high virulence of Type I strains and the moderately high but 
lesser virulence of Type II strains are interesting. It seems probable 
that the epidemic was produced by Type I or Group I-HI strains. 


table n 




Tj-pel 

T>T»n 

TjtcVII 

cat^rrkalis 

Virulence 

Strains 

Per 

cent 

Strains 

Per 

cent 

Strains 

Per 

cent 

Strains 

Per 

cent 

lO-® 

10-'+ 

10-^ 

10-' 

10-«+ 

10-' 

10-’+ 

lO-* 

Konc 

4 

4 

3 

2 

1 

28.6 
28.6 
j 21.4 

14.3 

1 7.1 

1 

8 

1 

1 

1 

8.3 

166.7 
8.3 
8.3 ' 
8.3 

1 

1 

1 

33.3 

33.3 

33.3 

1 

4 

20.0 

80.0 

Average lime bclvrccn isola- 
tion and testing of strains, 
do\! 

24.7 

21.0 

29.7 

2 ) 

^8 


In favor of this arc the following facts. Both cases occurring during 
the personal investigation of the epidemic were Tv^pc I cases and one 
of them occurred in a known TjTic I carrier; Dr. Stovall had isolated 
2 T^^lc III strains at an earlie/date; one of Uie cases proved later to 
be a Type I carrier, being found positive once 5 months after the onset 
of the meningitis (tliis is of doubtful significance; it may have been 
only a new infection from contact with other carriers); the Tyj^ I 
carrier rate was 33.5 per cent which is well over the “c-vplosion point 
of 20 per cent. On the other hand, it is possible that some c.ases ma\ 
have been due to Tj^pc II organisms. One case, that was seen very 
shortly after the meningitis had disappeared, never shov.'cd any 1 y]>c 
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I organisms in the nasopharynx but showed a Type II strain once 40 
days after the onset of the disease; a specimen of spinal fluid taken 
from a civilian case at the height of the illness proved later to have 
precipitinogens which reacted moderately with Type II antimeningo- 
coccus serum (unfortunately no strain had been isolated from this 
patient at the time she was sick but her blood, taken 3 weeks after 
the onset of the disease, showed Type II agglutinins and protective 
antibodies as described below); finally, the Type II carrier rate of 
10.7 per cent, while not very high, is a high normal figure and might 
be compatible with the appearance of a few Type II cases. The rela- 
tive virulence of the 2 types as isolated from carriers might also be 
taken as suggestive of a main Type I epidemic with some Type II 
cases. 

The Nakcre of the Carrier State 

The nature of the carrier state in meningococcus infections has 
stirred up much controversy. The fundamental question at issue 
is whether this can be looked upon as a true infection or not. Are we 
to believe that the meningococcus on being implanted on the mucous 
surface of the nasopharynx causes any reaction within the host either 
local in the way of inflammation or general in the way of serological 
and other changes, or are we to look on the meningococcus carrier 
state as a more or less passive symbiotic relationship much like that 
of the Staphylococcus albus on the skin or Doderlein’s bacillus in the 
vagina? Although some investigators (7) have claimed that meningo- 
cocci usually, if not invariably, cause an inflammation of the mucosa 
of the nasopharynx, and although reports of epidemics of meningo- 
coccal nasopharyngitis preceding or running concurrently with epi- 
demics of meningitis exist, nevertheless these are usually discounted 
and apparently the feeling of the majority of workers, whether pub- 
lished or not, is that the meningococcus produces no reaction in the 
mucosa and that the carrier state in this disease is not to be looked 
upon as an infection. 

In the case of other organisms carried, as is the meningococcus, in 
the nasopharynx, there is the same lack of unanimity of opinion as 
to the precise status of the carrier condition. With the pneumococcus, 
however, there is some evidence from two different angles that the 
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carrier state is in the ^elrrH^delrtro^ infection of 

Hughes (5) concluded t a incidence of coryza, 

pneumococcus earners van diseases They thought that 

sore throat and 

pneumococcus ^rners a presence or 

in their nasopharyngeal tissu , resistance of the host, a 

absence of the carrier state depended on th res^^^ 

factor which varied with the reason of yea 

had shown that a certain cocci developed 

infection foUomng contained agglutinins and 

protective antibodies and tha ,i-_vnsha (9) also were able to 

Ld complement. Neufeld and Tul^a 
show that mice inoculated intranasa > 

coming carriers acquired an J immunity might 

the earner state persisted. Th y g au^nueh the nasal mucosa, 

be due to passage ,,,ere clsidered to be very 

the absorptive capabilities of whic elsewhere to be true 

good. The latter assumptions have been shown elsev 

•cr.e and meningococcus carriers 
Studies of pneumococcus earner ( ) known con- 

(1) in an unselected group of individuals exist 

tact rvith the trank disease 1 -™ 

between the two conditions. It ^ carefully to determine 

to examine the meningococcus earner 

whether this is to be regarded as an infection or ’ disease in a 
A study of corj'za, pharyngitis and upper ‘ 
group of non-contact carriers (1) and m the ‘ inflammatoiy' 

has failed to reveal any direct relationship between ^ i * jndeed , 

conditions and the duration or extent of the carrie 

the only possibk relationship, aud thisj^s hUlc^ growth of a 

was that any infection accompanied b\ tl P ‘ caiisetl 

pathogen, such as Hemophilus influcuzac or pneum 
the numbers of meningococci to decrease. , ^ l-nown 

Attention w.as thcmiorc paid to the rcacti^s ol the t'--™""" 
nu-ningococens carriers. Serum w.as ohtamee .o.n ' '' . j., I 

which .tl were Type I and 10 Tyiw 11. ; 

front 9 recovered c.ases. 5 of which ha'i ha<l intenei'.e sere 
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both intravenous and intrathecal. In every case the serum was 
tested for the presence of agglutinins and in the case of 12 Type I and 
5 Type II sera and also sera from 4 recovered cases, tests were 
made for the presence of protective antibodies. 

The agglutination tests were set up in a 37°C. water bath and then 
allowed to stand overnight in the ice box. The serum was tested 
against freshly isolated and readily agglutinable Type I and Type II 
strains at final serum dilutions of 1/10, 1/20 and 1/40, Of the 31 
Type I sera, 21 gave no agglutination or one that was slight and equal 
with both Type I and Type II organisms, 6 gave moderate agglutina- 
tion to 1/20 without any cross-agglutination or even slightly to 1/40 


TABLE III 



Agglutination 

Protection 


Type I 

1 

Type II 

Type I 

Type II 

Good 

13, 58, 73, 95 

57, 139 

7, 55, 58 

24, 54 

Moderate 

7, 45, 55, 67, 75, 167 

24, 54, 141, 207 

67, 73, 138, 
167, 185 


None 

1 

1 

2, 15, 16, 32, 40, 52, 66, 74, 
79, 115 c, 124, 127, 132, 
138, 145, 149, 152, 153, 
185, 194, 198 

38, 85, 115 d, 
169 

13, 75, 95, 
194 

85, 115 d, 
207 


and 4 gave good agglutination out to 1/40. Of the 10 Type II sera, 
4 gave no agglutination or one that was slight and equal with both 
Type I and Type II organisms, 4 gave a moderate agglutination and 
2 gave good agglutination (Table III). 21 sera from normal in- 
dividuals or from persons suffering from epidemic encephalitis failed 
to agglutinate either Type I or Type II organisms under the conditions 
of the experiment. 

In the protection tests use was made of the virulence test with 
mucin suspensions as outlined above. 0.2 cc. of the serum to be 
tested was injected intraperitoneally into white-face mice 30 minutes 
to 1 hour before inoculation of the mucin suspension of organisms. 
The test serum was titrated against suspensions of the organisms 
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Wng f™- “ Teal fflutf "tu tTS 

a\\tch o^ra 

risled of a te=t ^^ype I or Type II anttacningococcal 

human serum® and a third vn 

horse serum of known /.’equired for each protection 

Since 2 cc. of serum was t organisms homologous with the 

test even when tested only ^ ^hom the serum was 

type carried in the throat « collected could be tested, 

obtained, only a limited num e ^ carriers and 

In all, 3 experiments were mad g^o^n m 

5 from Type II carriers were tested. The 

Table IV. ^ nf Table IV it wiU be seen that 3 Type I 

From an examination of iaoie i 5 rj. i gera give a 

carrier sera and 2 Type II give goo P controls and 4 

certain amount of protection as compar^ 

Type I and 3 Type II sera give no p protection was 

sera arc shown ranged according o agglutination of the 

good, moderate or high, and 3 somewhat arbitrar)' 

same and other earner sera ^nrlencc between content of 

g™„ps. It is obvious that the ,3 ^oustrated by 

aEBlutinins and content ^ ^ * „),» both agelnlinn*" 

these tests is not close. Of the 1 / ser correspondence in 

and protection tests were done, 11 sio\ ^vhilc 6 showed 

containing both agglutinins and protective 

no correspondence. obtained. Of these only one 

Nine sera from recovered cases nniimeningococcal poly- 

(No. X) had not received agglutiLtion against 

valent serum. This scrum ga\c a ^ „o;n<;t Tvnc II organisms. 

Tvpc II meningococci and good protection ag. - •' P ^ . ^ 

No strain had ever been isolated from 

drawn at the height of the disease gave a moderateh ^tr g l ^ 

’ Otvinr lo the limited number of whitc-facc mice humr.n f era. f r.'icr 

to ^KTlorm protcclion tests wUh l^rgc nui^ c., , a cc-trol 

tbr«e circum^larxcr. it decided to pool t norm.i ?«.• o-r.trcl 

in each protection tert. Since -1 difierer-.t rcr.n were ur.-l - r- 

rera in sU were terted. 
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reaction with Type II monovalent serum. In the 8 cases in which 
serum therapy had been administered 1 to 4 months before blood was 
drawn for testing, 6 (Nos. 30, 81 106, 154, Y, Z) showed no agglu- 


TABLE IV 


Type I 

Type II 

Serum No. 


io-> 


10'S 

io-» 


Serum No. 

■ 

io-> 

io-< 

■ 

B 


[55 

1,1 


1, 



1— f 

[24 

1, 






\58 


1, 

1, 



o 

\54 


No deaths 

a 

& 

73 

1, 

2,2 

1, 

2. 

1,3 

K 

d 

[ 85 

1,1 

3, 




K 

0\ 

f95 

1,2 

2,2 

1,1 

2,2 

1,2 


[207 

1,1 

1,1 

1, 


1, 

1, 

o 

in 

d 

\l94 

2,2 

1,1 

1,2 

1,1 

1, 

is 




rt 

V.* 

No serum 

1,1 

1,2 


1,2 


to 

No serum 

1,2 

2,2 

2, 

1, 


CO 

2,2 









Pooled normal 

1,2 

1,2 

1,1 

2,2 

1 

2,2! 

o\ 

Pooled nor- 

1,2 

1,2 




to 





' 1 


mal serum 







serum 


N( 

3 dea 

1 

ths 


v-< 


1, 





CO 

CM 

Immune Type 



M 

3 

Type II 
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d 

I serum 















1 

j 





serum 
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N( 
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ths 







i 



67 

1,1 

1,1 


2, 




1 






138 

1, 

1,2 

1 

1 

1, 










' 167 

1,1 

1,1 

1 



in 





1 



: 185 

1,1 

1,1 

1, 






1 

1 




r 13 

1,1 

1, 

1,2 

1,2 










1 75 

1,1 

1,1 

1, 

2, 


* w 
^ & 








No serum 

1,1 

1,1 

1,2 

2, 



1 

1 








1 
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Normal pooled 

1,2 

1,2 

2.2 

2, 










serum 






0 

0 






















Immune Type 


No deaths 










I serum 







! 








Figures indicate duration of life in days {i.e., 2 = died during 2nd day). 2 
mice ^Yere tested in each dilution; blank indicates mouse survived. 


tinins and 2 (Nos. 35 and V) showed good agglutinins for Type II 
organisms. Of these latter 2, No. 35 had received serum therapy 3| 
months before being bled and the other was considerably more recent, 
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having received both mtratheca^ and p^'^tecUon 

Wore. In P-tection- No. 30 had 

:Sv"m 4 ZL before. No. SI 3 I nronth before and . 

months before. gera that there is, in 

It seems clear from these resu s reaction of the body, at 

a certain percentage of cases, ci in the nasophar>mx. 

least serological, to the presence of 

Thus, 32.3 per cent of Type I ca agglutinins for homol- 

Type II sera tested showed moderate g d^^gg 

ogous organisms. Also 80 per cen ^ protective anti- 

cent of Type II sera tested showed moderate or g f 

bodies against homologous organisms. infection in meningo- 

Despite fte absence of any aeem to point 

coccus carriers, this general rea ir,r,t-od unon as an infection, 

to the tact that the carrier state ts to „„,taally 

It seems probable that smaii num ers these organisms, 

malting riteir rvay through the *tt™h s arc 

entering the local tissues and also e he the case 

sufiicient to produce immune reaction . ^ ^ animals (8 10). 

with experimental pneumococcus in jdca in these 

It was unfortunately quite It can only 

individuals as to how long the carrier s ^ months, 

be said that for the great majonty it for many 

the length of time the camp had been in ex . ‘ 

it uas probably not more than I! months vluch *0 ^ 
the first case appeared in the camp and the t, me at vhtch 
carrier rate probably first greatly exceeded 20 per 

SUMMARY a\KD CONXI.USION'S 

The investigation of this isolated epidemic of 
ingitis at a C.C.C. camp gave an opportunity "7^" 

state in contacts cariying what were pre.'-uma i \ 

str.ains of organisms. , 

With the aid of Miller's technique for the enha u. • 
demnn^itr.able virulence of meningococci for P' ^ 

to tfht the virulence of the carrier strains from -n.p 
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results were consistent despite the interval of from 3 to 4 weeks which 
intervened between the isolation of the strains and the virulence titra- 
tions. Type I strains were found to have a high virulence, while the 
virulence of Type II strains was moderately high but definitely less 
than that of the Type I, and atypical strains and strains of N. catar- 
rhalis isolated from carriers showed a very low virulence. 

The question of the precise nature of the carrier state was inves- 
tigated. No evidence has been obtained yet as to the existence of a 
relationship between pharyngitis, coryza or upper respiratory disease 
and the presence and degree of the carrier state. This is unlike the 
situation with regard to pneumococcus carriers. On the other hand, 
it has proved possible to demonstrate reactions within the body to 
the meningococci in the nasopharynx, consisting of the formation of 
agglutinins and protective antibodies in the blood serum, 32.3 per 
cent of Type I and 60 per cent of Type II carrier sera showed moderate 
or good agglutinins for homologous organisms and 80 per cent of Type 
I and 40 per cent of Type II sera showed moderate or good protective 
antibodies against virulent homologous strains. No idea could be 
obtained as to the relationship of the presence or absence and the 
degree of serological reaction and the duration of the carrier state. 
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Experiments were reported several years ago by the writers (1) 
leading to an absolute method for the determination of precipitins 
(2-4). It was originally thought that by following the usual ira- 
rnunological technique, namely incubation of precipitin reactions at 
37 C. for 2 hours and letting stand in the ice box overnight, conditions 
had^ been established for the ma.ximum precipitation of antibody. 
^^^lile this has been found to be the case for rabbit antisera, c.xperi- 
ments such as those given below have sho^^Tl that the usual immu- 
nological practice does not result in maximum precipitation, or in the 
attainment of true equilibria, in the case of pneumococcus antisera 
produced in the horse. 

It appears, moreover, that objections arc still being made to the 
a so ule chemical method for the estimation of precipitins on the 
ground that non-specific protein nitrogen might be included in the 
'a ues actually found. Since non-specific protein was shown to be 
without infiuence by Marrack and Smith (5) the writers Imvc hitherto 
re rained from publishing their own data on this point, but arc nov.- 
including sudi material. 


F.XPr.RIMENT.\L 

/. Ir.c-v.pU'.rr.fu cf Prccipitsiicr. UV.Cfj Carried O;,.' Pc'.h ct 37' cnl 0".— 

Ibc U'eal itr.iriuno’ogical technique, precipitin te'tr r.re inc-,:!..'.tc;; fc r 

1 he \uirt rrportefl in this communiention ivss m.-rird cut end'-: t» - H-.*, - . 

Jvrr.-.wch I nnd cf the I'resbyten^n Hespit^l, Xesv Vo:h. ' ' ' ’ 
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2 hours at 37°C. and allowed to stand overnight in the ice box. The writers have 
shown that in rabbit antisera the same amount of specihcally precipitable protein is 
thrown down whether the above conditions are employed, or whether the entire 
reaction is carried out at 0° (4^). This is, however, not the case with antipneumo- 
coccus horse sera nor with antibody solutions prepared from horse sera. 

Duplicate tubes were set up containing 1.0 cc. of Type III antipneumococcus 
horse antibody Solution B 61^ and 0.05 mg. of S III in a total volume of 4.0 cc. 
In the first pair of tubes the reagents were chilled to 0°C. before mixing, after which 
the tubes were kept in the ice box overnight and whirled in the refrigerating 
centrifuge.® A second pair of tubes was kept at 37° for 2 hours, allowed to stand 
overnight in the ice box, and was then centrifuged in the cold. A third pair of 
tubes was incubated for 2 hours at 37° and w'as then stoppered and shaken in an 
ice bath for 3 hours in order to favor the establishment of equilibrium. A fourth 
pair of tubes was placed in an incubator at 37°C. for 2 hours and whirled in a small 
Swedish angle centrifuge^ in the same incubator. The precipitates were washed 
twice with chilled saline (3) and analj'zed for nitrogen by a modification of the 
micro Kjeldahl method. The results were as follows: 


Tubes mixed at, *C 

Tubes centrifuged at, °C 

0 

0-10 

37 

0-10 

37 

Shaken at 0 

37 

37 

Antibody N pptd. by 0.05 mg. S III 

1.38 

mm 

111 

1.00 


1.38 

M 


0.97 

Maximum specifically pptble. N in solution 

2.11 

■ 

■ 

1.85 

(0.15 mg. S III) 

2.15 

■1 




It will be seen that the largest quantity of antibody nitrogen is precipitated 
by a given amount of S III when the solutions are kept at low temperatures 
throughout. Under tliese conditions the precipitate forms more slowly and is 
less gelatinous than at 37°. Allowing the tubes to stand at 0° for an additional 
24 hours does not appreciably increase the amount of antibody nitrogen pre- 
cipitated. When the reaction is started at 37° and completed at 0° far less anti- 
body nitrogen is precipitated, although the amount is greater than if the tubes 
are centrifuged at 37°. This appears to be due to a partial attainment of the final 
equilibrium arrived at when the reaction is carried out entirely at 0°, since shaking 
the tubes for several hours at 0° brings the amount of antibody nitrogen somewhat 
closer to the 0° value. Similiar results were obtained with another antibodj' 
solution, B 60, and with Type III antipneumococcus horse serum. E.xperiments 

^ Heidelberger, Kendall, and Soo Hoo, page 142. 

- Prepared according to Felton (6). 

® Manufactured by the International Equipment Co., Boston. 

^ Supplied b)" Eimer and Amend, New York. 
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at 37° for 4 and 24 hours showed that no more antibody was precipitated than in 
2 hours. 

Z. Effect oj Non-Specific Protein.— Frora Table I in the following paper (III) 
it is clear that at 0° or at 37° the ratios of nitrogen to S III in the precipitate arc 
of the same order whether the analysis is carried out in whole serum (607), in 
which the antibody constitutes about 15 per cent of the total protein, or in the 
antibody solution (B 62) prepared from it, in which antibod}’ is 50 to 60 per cent 
of the total protein. In comparing actual ratios it should be noted (sec also 
Table \T, Paper III) that the antibody solution contains less precipitable nitro- 
gen per cubic centimeter than the serum. This would tend to make the ratio 
lower at any given S level. 

That the above findings are due to the actual antibody content in each instance 
and not to the presence of other serum components is shown in the following c.xpcri- 
ment, in which parallel determinations were made with antibody solution alone, 
and with antibody solution to which an equal volume of normal horse serum had 
been added. Reiner and Reiner (7) have shown that normal horse scrum contains 
globulin verj’ similar to the antibody fraction in antipncumococcus scrum, so that 
it would be expected that a portion at least of this globulin would be carried down 
by S if non-specific protein were reactive. 

Duplicate tubes containing 1.0 cc. of a T>’pc I pneumococcus antibody Solution 
II 72 and 0.05 mg. of S I® were set up at 0°, at 37°, and at 37° and 0° as described 
above, and the nitrogen precipitated was compared with a similar scries to which 
1 cc. of normal horse scrum had been added. The results arc given in the following 
tabulation and confirm those of Marrack and Smith (5) on other immune systems. 


Effect of Non-Specific Protein 
Antibody Nitrogen Precipitated by 0.05 .Ifg. S I 


TrTni>fr»turc« *C 

0 

37 

37 

CtnuilurftS »t. *C 

0 

0 

37 

1.0 cc. n72 

0.92 

0.S7 

0.51 

J .0 cc. B #2-4* 1 cc. normal horjc fcrum i 

0.92 

0.5S 

0.52 


nic alvovc experiments show that addition of non-specific protein has no cfTcct 
upon the amount of antibody nitrogen precipitated under any of the cor.iliiions of 
tempfrature invcstig.atcd. 


DI.'tCtTSPION AND SrMStAl'.Y 

llu' e.xprrimcnt.s recorded alxive show that in the of anti- 
pncunioroccus horse serum or purified antil>ody th.e arhitrarv im- 

' l.x[>eT!mer.t5 have shown that the rracti'’n {•elvee.n 1 - 

p.d> Mcchitidc sr.d its h-':r.ol('g,.u^ ar.tiNrdy cL-!.dy p.'.rar.flt !>.;! c ! .^ !! 1. 
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munological procedure (37° for 2 hours, overnight in the ice box) does 
not permit either the establishment of a true equilibrium or the pre- 
cipitation of the maximum amount of antibody nitrogen. Analyses 
of such horse sera for antibody content should therefore be carried 
out at 0° and the determinations should be allowed to stand in the 
cold for at least 24 hours in order to insure the completion of the 
reaction. 

It is believed that the similarity of the nitrogen : S III ratios in the 
specific precipitate, whether obtained from whole serum or from 
purified antibody, and the failure of added serum to influence the 
amount of nitrogen precipitated show that the absolute chemical 
method for the estimation of antibody actually measures antibody and 
not antibody plus a more or less indefinite amount of non-specific pro- 
tein. An objection to the use of the method is thus shown to be 
unfounded. 
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QUANTITATIVE PRECIPITIN STUDY 


saccharide of Tj^pe III pneumococcus is referred to throughout as 
S III. 

In view of the temperature effects shown in the preceding paper 
(7) it was found necessary to work at a single temperature in studying 
the reaction mechanism, and experiments were accordingly run either 
at 0° or at 37° C. 

The differences between the amounts of antibody nitrogen precipi- 
tated when the reaction mixture is kept in the cold throughout (0°) 
and when the precipitation and centrifugation are carried out at 37° 
are strikingly shown in Tables I and II, which summarize, respectively, 
the results of the addition of increasing amounts of S III to 1 cc. 
portions of serum or antibody solution and of serial additions of small 
amounts of S III to antibody solutions under those conditions. 

1 a. Addition of Increasing Amounts of S III to Antibody at 37° and at 0 °. — 
Experiments corresponding to those in the earlier work (1) have now been made 
with the temperature constant throughout. Duplicate tubes were set up at 37° 
using 1.0 cc. of antibody Solution B 61 and var 3 'ing amounts of S III in a total 
volume of 4 cc. The tubes were incubated for 2 hours at 37° and then centrifuged 
at that temperature. The precipitate was washed twice with cold saline and 
analj’^zed for nitrogen. The results are given in Table I, Column 2, and are 
represented by the circles along Curve C, Fig. 1. The point connected with the 
curve by the dotted line indicates the maximum amount of nitrogen specifically 
precipitable (0.4 mg, S III) from this solution at 37°. A similar experiment was 
run with antibody Solution B 62 in which the tubes were set up at 0° and centri- 
fuged in the cold instead of at 37°. The amount of S III combined in tlie region of 
excess S III was found by determining the amount left in the supernatant by the 
metlrod described in a previous paper (3), except that the determinations were run 
at 0° in the B 62 e.xperiments and entirely at 37° in the B 61 series. Aliquot 
portions of the supernatants containing a suitable amount of S III were set up 
with another 1.0 cc. portion of tlie antibody solution used m the e.xperiment, 
adding saline to bring tlie volume to 4 cc. The precipitates were analj’^zed after 24 
hours. The amount of S III in the B 61 aliquots was read off from the e.xperi- 
mcntal points along Curve C, Fig. 1 (Column 2, Table I). A similar curve was 
constructed for B 62. The results are given in Table III. 

1 b. Serial Experiments at 0° ajid at 37°. — In these experiments successive small 
portions of the antibodj'' were precipitated. In the 0° experiment the reagents 
were chilled in an ice bath. Duplicate 5.0 cc. portions of antibody Solution B 61 
were measured into Wassermann tubes and mixed with 0.5 cc. of a 1 to 10,000 
solution of S III. The tubes were kept in tlie ice box overnight and were then 
centrifuged in the cold. The supernatants from the duplicate tubes were mixed 
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and 5.0 cc. samples set up with 0.5 cc. of S HI as before. This procedure w^ 
repeated until the antibody was exhausted. In the case of antibody Solution 



1! fi2, 0.02 ni,". portiuns of S III were addal. The prerip!'.'. 
nri.-ily.-ed in the prccciiint: section. 
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TABLE I 

Addition of Increasing Amounts of S III to 1.0 Cc. of Serum or Antibody 
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QUANTITATIVE PRECIPITIN STUDY 


Antibody Solution B 62, 37° 

Tests on 
supernatant 

No S, IS A 

Cl CC <1 11 

S, trace A 

Excess S 

CC CC 

N:S 

Illin 

ppt. 

22.0 

16.0 

1 

1 

i 

12.0 

N 

pptd. 

« 3: S S 

^ o o w -• 

Horse Serum 607, 37° 

Tests on 
supernatant 

< = = r < 

•fi ^ fc- C/J 

® a 

CO : : 5 CO u 

^ ; O M 

55 - - . J2; W 

to.S j 

21.0 

18.5 

15.5 

13.7 

9.0 

N 

pptd. 

fci cs ^ o »/> rc 

^ r°* CM fo ro 

o O W ^ ^ 

Antibody Solution B 62, 0° 1 

Tests on 
supernatant 

<5 a < s 

M a a f? s'” 

OT a a to - g 

,2a a - « 

N:S 

Illin 

ppt. 

36.0 
28,5 

26.0 

21.4 

16.7 

12.9 

1 

t 

1 

i 

1 

N 

pptd. 

ms. 

0.36 

0.57 

0.78 

1.07 

1.25 

1.29 

! 1.25 

1 

1 

1 

Horse Serum 607, 0° 

Tests on 
supernatant 

-ea aa a<aa 

a a a a ; ga a « 

CO 

tn ^ z z ;co:; S 

S z z z M 

!z - ~ w 

N;S 
III in 

ppt. 

31.0 

25.8 

20.8 

18.0 

15.6 
14.3 

12.6 
10.6 

•d 

o. 

^ CS ro tnu°) OPO«-«Ot 

^ >0 O rjro "V 

Antibody Solution B 61, 37° I 

Tests on 
supernatant 

« 

<525 5 555 

2 

t/Jaaa a aaa2 

,2 a a a a a a a « 

^ W 

N;S 
III in 

ppt. 

22.5 1 

19.8 

19.4 
18.0 

16.1 

15.4 
14.0 

11.4 

N 

pptd. 

mg. 

0.45 

0.79 

0.97 

1.08 

i 

1.29 

1.54 

1.68 

1.71 

1.75 

papptj 

III S lunoiuv 

m- 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.075 

0.08 

0.09 

0.10 

0.12 

0.15 

0.20 

0.25 


* S = S ni; A = antibody; •ssh = excess antibody, 
t Not run in duplicate. 



table n 

s„-., 

======^^^^^ -R A2- 0.02 ms. 


Precipitation 


B 61, 0.05 mg. S III used 


B 62, 0.02 mg. S III used 


<1^0 ^ 

- I , __ e Antibody Ratio N • S 


• One detennination lost. 

t One detennination discarded. , ^ presence of S HI ''vitli 

t The snpemaunts from these precipitates gave tests lor tn p 

excess antibody. , „ ..tnnd in the ice box overnight, gave Ais 

§ 5 cc. supernatant from tube 9, f "^.^pematant showed a negative reacUon 

additional precipitate. After centnfuga 
for antibody with S III. 

table hi 

DclcmiuaUon ofN:S III Ratio i» 


Antibody B 62, set up at 0°. centrifuged at 0-10° 


I Fraction ol Total S ID 

AnronnlSm SE- » « ‘uffi’ 

I tion of S 111 

content 


S ni in 

oripinal | 


r: sni in 

original 

ppt. 


! I 1/50 I 1.11 I “ I 

Antibody B 61, set up at 3 7°, centrifuged at 37 

I _ _ 


• One analysis discarrlcd. 
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37° the tubes were centrifuged at room temperature. The results are shown in 
Table IV. 

3. Reaction of Pneumococcus III Antibody with Methylated S III . — S III was 
methylated with methyl sulfate and sodium hydroxide.^ Solutions of the sodium 
salt of the methylated product were found to precipitate with homologous horse 
antipneumococcus serum but not with the corresponding rabbit serum. The 
failure to precipitate the T 3 rpe III rabbit antiserum shows that the reaction in 
horse serum is not due to small amounts of unchanged S III, the more so because 
addition of traces of unmethylated S III to the methyl S III results in a prompt 
reaction with rabbit antiserum. Table V shows that the methylated product 
precipitates 0.83 mg. of nitrogen from 1.0 cc. of antibody Solution B 62 which 
contains 1.25 mg. of nitrogen precipitable with S III, or 65 per cent of the total 
antibody. 

An antibody solution was made by Felton’s method from serum which had been 
completely absorbed with the methylated S III. This solution contained 1 .60 mg. 
per cc. of antibody nitrogen precipitable by S III and gave no reaction with the 
methylated product. It also reacted strongly with the partially hydrolyzed S III 
fractions which have been described in an earlier paper (8) and which did not 
precipitate with rabbit antisera. It is believed that these findings necessitate 
the conclusion that more than one antibody to the carboh 3 'drate is present in the 
original scrum or antibody solution. 

DISCUSSION 

As a result of a new study of the precipitin reaction under definite 
temperature conditions in the region of e.xcess antibody ratios far 
higher than in Reference 1 have been found for antibody nitrogen to 
S III in the precipitate, ranging as high as 40: 1, or greater, at 0° and 
in the presence of a large excess of antibody. The equivalence point- 
ratios, however, remain much the same, averaging 10.8:1. 

In a previous paper (1) it was shown that between the equivalence 
point and the beginning of the inhibition zone there was a wdde range 
in which additional S III caused no change in the amount of nitrogen 
precipitated. This range, in w-hich S III is present in excess, has now 
been investigated in greater detail. It has been found that when 
increasing amounts of S III arc added to a fixed quantity of antibody 
the amount of S III in the precipitate increases to a maximum and 
then remains almost constant until solution of the precipitate begins. 
1 he limiting value of the N : S III ratio in this zone is very close to 5 
and is not affected by temperature changes (Table III). 

^ Dct.nils of the mclhvlaiion will be given in .a l.atcr p.apcr. 

Dcsignaicii equilibrium point in Reference 1. 
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possible as was formerly thought, to consider each hapten-antibody, 
or antigen-antibody system as characterized by a definite equivalence 
point, although a fairly characteristic average may be found for each 
system. 

Another basis for the discussion which follows is the finding that the 
ratio of antibody nitrogen to S III in the precipitate depends on the 
relative proportions of S and A present, and not on their final con- 
centrations. The difficulties raised by the finding that the antibody 
is a mixture of substances with different reactivities toward S III are 


TABLE VI 


N:S III Ratios of Various Antibody Solutions 


Serum or antibody 
solution 

Hatio at beginning 
of equivalence zone 

Calc, ratio at 
beginning o{ 
equivalence zone 

Hatio at end of 
equivalence zone 

Mean ratio 
(equivalence 
point) 

Bin 


||ra||| 


11.1 

BIV 




8.7 

B Va 

13.6 


8.6 

(11.1) 

B VII 




12.2 

BX 

(IS) 


11.9 

(13,5) 

B32 




8.7 

B36 

12.4 

12.4 

9.4 

(10.9) 

B 51 

U.l 

IS.S 

(7) 

(10.6) 

B 60 

13.7 

13.8 

8.4 

10.5 

B6I, 37* 

11.4 

11.4 

8.8 

(10. 1) 

B 62, 0* 

(17) 

16 6 

8.3 

(12.7) 

B 62, 37* 

12 

12.5 

7.9 

(10) 

Serum 607, 0* 

(15) 

IS-3 

(8) 

(11.5) 

Scrum 607, 37* 

(11) 

11.3 

(8) 

(9.5) 

Mean equivalence point ratio 



10.8 


Values in parentheses indicate most probable value deduced from nearest actual 
determination. 


met by assuming that the average behaAuor of the antibody is that of 
a single substance; that is, that it behaves statistically as if it were 
homogeneous. This necessarily results in a more or less artificial 
structure, but it appears to fit the facts and to be applicable to antigen- 
antibody sj’stcms in general. It is, therefore, offered as an e.xpcclient 
until such time as it maj* be possible to separate from the coniple.'c 
antibody mi.\turc an antibodj' possessed of a single chemical reactivity. 

Moreover, in the discussion which follows, the multivalcncc of S III 
and antibody with respect to each other is an essential premise. It 
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the precipitate formed ■would be S-o', b', c' , and later S-a' , b' and S-a' ■would be 
formed. This would account for the changing ratios but it does not e.xplain the 
Danysz phenomenon, since the same amount of antibody would be precipitated 
by a gi^ven amount of S III regardless of whether all of the S III were added in one 
portion or in several. That this is not the case is illustrated in Fig. 1, in which 
Curve C shows the amount of antibody nitrogen precipitated from 1.0 cc. of 
antibody solution by the addition of various quantities of S III, ■while Curv'e B 
shows the amount of nitrogen precipitated in a serial e.vperiment by the same 
quantities of S III.® It will be seen that all of the antibody is precipitated by a 
smaller amount of S III in the serial e.vperiment than in the other. 

In order to explain the varying ratio of antibody nitrogen to S III 
in the precipitate, as ■well as the Danysz phenomenon,® it is postulated 
that at the equivalence point the compound AS (or, more exactly, 
AiSy) is formed. In the region of excess antibody AjS, AjS, AS, 

AmS (or, more exactly, AmiSy) may exist, depending on the 

relative excess of antibody. With excess S III, ASj can be formed as 
an insoluble compound and ASs (or, more exactly, AxSsy) as a soluble 
compound. 

The application of the mass law to this reaction presents difficulties. If the 
compounds formed are considered to be A^S, A3S, AjS, and AS (at the equivalence 
point), then as increasing amounts of S III are added to a fi.xed amount of antibody 
solution, the compound AiS should be formed until the concentration of A is 
reduced to a point at which AjS would begin to form. Throughout this range the 
ratio would be constant. Then on addition of more S III all of the precipitate 
would be converted into AjS before any change in antibody concentration would 
take place. In this range the ratio would change, but the amount of antibody 
nitrogen precipitated would remain constant. Thus the reaction would proceed 
in a scries of steps instead of in the continuous curve shown in Fig. 1. However, 
if the compounds formed arc AiSy, Aj.Sy, etc., intermediate steps .-V^i.iSy 

Ai,-‘S, Aj.Sy could occur and the steps be brought so close together 

that a continuous curve would result. In any case, the particular compound 
formed would be fixed by the concentration of antibody in the supernatant. 

However, it has been shown that changes in the concentration of 
antibody in the supernatant have no effect on the ratio of antibody 
nitrogen to S III in the precipitate. If the mass law is to be applied 
it i.s therefore necessary to find some other basis for its use. Such a 

® lliis curx’c w.ac obt.ainexl by calculating each stage back to 1.0 cc. of .antibwly. 

‘P.anys.-, him'df accounted for the effect which he discovered on ihc ba'is of 
the union of antigen .and .antibody in more tli.an cr.c proportion (22), but his cr- 
pkanation w.as noi acccpt.abk .at the time (cf. 20). 
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If A and S III are mixed in equivalent proportions the AS formed 

in reaction [1] would merely pol 3 Tnerize in steps [2], [3] , and 

the equivalence point precipitate would be (AS) n. 

In the region of excess S III a similar series of expressions would 

apply, in which S and A would be interchanged in [2], [3], 

In the presence of a large excess of S, in other words, in the inhibi- 
tion zone, there would also be present in solution a soluble compound, 
ASi, containing one more molecule of S in combination than the last 
insoluble compound (1). Since this is formed only with a very large 
excess of S, all of the specific groupings of A would tend to react with S 
rather than with AS complexes and there would be no large, insoluble, 
intermolecular aggregates formed. 

The final precipitate, then, would in each case consist of antibody 
molecules held together by S III molecules, 

: ; •• AS.. 

••AS'AS'AS” 

: : A •• 

s- 

a view similar to that presented recently by Marrack (23) but, it is 
believed, more definite and more easily treated quantitatively. The 
process of aggregation as well as the initial hapten-antibody combina- 
tion is considered to be a chemical reaction between definite molecular 
groupings. On this basis it is unnecessary to make assumptions 
as to the change of so called hydrophilic groups into hydrophobic® 
groups, as the process of aggregation would occur regardless of the 
affinity of the groupings for water. 

It is believed that the compounds formed in the first stages of 
the reaction are soluble. Indeed, in the reaction between anti- 
body and a hapten (H) containing only one reactive grouping, com- 
pounds of the tj’pe AH, would be the onl}' ones formed and there would 
be no opportunity for the building up of aggregates large enough to 
precipitate. However, with the specific grouping repeated two or 
more times, as in azo dyes studied by Landstciner and van der Scheer 

The combination of the polysaccharide S III with the antibody would increase 
the numl)cr of “hydrophilic groups" on the molecule rather than decrease them, 
so that Ivaple s c.rplanation for the insolubilitv of the precipitate would not be 
applic.".b!c (2-t). 
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Since each unit of x and y contains 2 units of antibody the number of units of 
antibody precipitated is given by 2(x + y) which equak 

2B - ^ [6] 

It will be noted that the volume factors cancel, so that the amount of antibody 
precipitated depends only on the relative amounts of antibody and S III present 
and not on their concentration. 

This treatment of the problem involves only the formation of compounds 
having ratios between R and 2 R, w’here R is the ratio of antibody to S III in the 
equivalence point compound. The e-xperimental data show that compounds hav- 
ing ratios greater than 2 R may be formed, for at 0° in the presence of a large 
excess of antibody ratios greater than 4 R are encountered. By e.xtending the 
process used for the calculation of the second step to stage [3] and beyond, it is 
possible to calculate the amount of antibody precipitated by a given amount of S 
III when the ratio varies between R and 3 R and also between R and 4 R. 

The calculations are complicated, as step [3] involves the bimolecular formation 
of five compounds, that is, AjS, A3S2, A4S2, A4S3, and A4S4, and extension of the 
process to 4 R results in 20 compounds. In this calculation it is assumed that the 
ratio in which any two products are formed is unaffected by the other competing 
reactions. The expression thus calculated for antibody precipitated in the range 
R to 3 R is; 


Units of anUbody pptd. = A - a[(A- bAW 

* Copies of the derivation will be furnished on request. 

The same formulas apply in the region of excess S, and in their derivation S 
and A arc interchanged. 

In the above calculations the simplifying assumption was made that 
the composition of the precipitate at tlie equivalence point is repre- 
sented by the molecular formula AS. It will now be shown that this 
assumption is not neccssarj”, and that if the antibody nitrogen: S III 
ratio in the precipitate varies between the value found at the equiva- 
lence point and one twice as great when a large excess of antibody is 
present, the reaction follows the same course regardless of the molecu- 
lar composition at the equivalence point. 

If the fonifwunti at this point be t.ikcn as .-VSt, formed as a result of .a series of 
t)u;;('lcc\il.-ir reactions bct’.\ ecn A and S. making up the first step of the reaction, the 
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and since in equation [11] 2 B = A at the equivalence point and 2 B = ES, this 
equation becomes ; 


mg. antibody N pptd. = A — 


2(A - RS)< 




.[11a] 


In order to permit comparisons to be made between antibody solutions con- 
taining diflerent amounts of antibody and having different equivalence point 
ratios it was found convenient to reduce the amounts of S III and N precipitated to 
percentages of the quantities precipitated at the equivalence point. To convert 
[6 a] into an expression involving percentages, use is made of the relationship 
A = RSeq. at the equivalence point. Dividing all terms of [6 a] by RS«,. 


(RS)s S’ 

Npptd. _.,RS (RS«,.)’ Npptd. S S„.= 

RS«,. RS„. A A S„. A 

RS.,. A 


Multiplying each side of the equation by 100, 


Per cent A pptd. = 2 X %S — 


100 ' 


Per cent A pptd. «= 100 — 
Per cent A pptd. r= lOO — 


2(100 - %S)‘ 


100 [(100 - %S)» + 10(P]‘ 
2(100 - %S)« 


.[ 66 ] 

.[76] 


^100 - [(lOO - + (100 - %S)’] 


..[116] 


The percentages of A precipitated by increasing percentages of S III, calculated 
according to these equations, are given in Table XTI. These data arc shown 
graphically in Fig. 3, in which Curve A is calculated according to [7 6] and Curve 
B according to [G 6). 


In Table VIII the data on Serum 607 in Table I are calculated in 
terms of percentage of the total precipitated at the equivalence point, 
and the percentage of S III used and antibody N precipitated arc 
plotted on Fig. 3. It will be seen tliat the circles representing the 
values found at 0° lie very close to the curve (A) for the reaction in 
which the X : S ratio varies from R to 3 R (equation [7 6] ) while the 
-•'7 values arc ver}* near those calculated for the R to 2R reaction 
(equation [6 fi], Curve B). Tlius the course of the reaction at 0’ 
a])pears to be determined b\- a greater complc.xity of the reactions 
occurring after the initial A and S combination than is indicated bv 
the data for the reaction at 37°. 
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of antibody nitrogen precipitated by varying quantities of S III from 
different antibody solutions according to equation [6 a] were calculated 
with the aid of the experimental values for R given in Table VI for the 
ratio at the beginning of the equivalence zone, A being nitrogen precipi- 
tated at this point. A comparison is ^ven in Table DC of the calcu- 
lated and experimental values for nitrogen precipitated. 

In a previous paper (3) it was shown that the antibody nitrogen 
precipitated by S III from Solution B 31 in the region of excess anti- 
body followed the empirical equation, N = 18.6 S — 60 S’. It wdU 
be noted that this equation is in the same form as [6 a], so that the 
theoretical significance of the two constants is now clear, for 18.6 = 

2R and 60 = — . 

A 

The results of the serial experiments (Table II) also conform to 
equation [6]. In order to make the comparison wdth other data, the 
result from each successive addition of S III was calculated to the 
1.0 cc. basis. The ratio of total antibody nitrogen precipitated to 
total S III used was taken as R and the total antibody nitrogen per 
1.0 cc. of antibody solution as A in the equation [6 c]. CurA^'es A and 
rig- 1» were calculated with the aid of these values. The circles 
along the curves represent the actual experimental data. 

In the region of excess S III, by interchange of S and A (page 581), 
equation [6 a] becomes: 

rag. S III precipitated = 2 R'.A — [12], 

lOull o 

in which R' = “ at the equivalence point. 

Thus, as in equation [6], the amount of S precipitated depends only 
on the relative amounts of S and A present. Expressions similar to 
[12] may also be found corresponding to [65], [7a], and [75] by inter- 
changing A and S. In making calculations according to these equa- 
tions 100 per cent A. was taken as ^ pre^en t^ amount 

which would combine with the S III present to form the equiva- 
lence [xtint compound. The points obtained from the data in Table 
111 arc plotted as crosses in Fig. 3, using the per cent of S III pre- 
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excess antibody. The points derived in this way are plotted as 
triangles in Fig. 3 . The three lowest points are partially in the inhibi- 
tion zone and could scarcely be expected to conform closely to' the 
curves. Similar considerations apply to antibody Solution B 62 at 
0°, for which the data are also given in Table III. 

TABLE DC 

Comparison of Experimental Data whh Values Calculated According to: 

P2C2 

N Precipitated = 2 RS 


Antibody No 

BVa 

B 36 

B 61 

B 62 

B 62 

Scrum 607 

Scrum 607 

Temperature, *C.. . 

37,0 

37, 

0 

SI. 31 

0, 

0 

37, 

,37 

0. 

0 

37, 

,37 

R 

13.6 

12 

.4 

11.4 

(17) 

12 

(IS) 

(11) 

I 

A 

4.08 

1 

.E6 

1 

.71 

(1.23) 

1. 

20 

(1.42) 

(1.31) 


N pptd. 

, N ppld. 

! N pptd. 

N pptd. 

1 N pptd. 

i N pptd. 

N pptd. 



i 1 

— 




•a 


rs 


•a 

! 

•a 


S in used 

3 


c 

3 

U 

c 

9 

U 

c 

9 

U 

9 


9 


9 




CJ 

b 

O 

£ 

tS 

£ 

' o 

b 

cJ 

b 

c 

b 

4J 

rtf. 

1 mg. 

mg. 

mf. 

mg. 

rtf. 

mg. 

mg. 

rif. 

mg. 

mf. 

rtf. 

mg. 

mf. 

mg. 

0.01 






1 

0.36 

0.32 







0.02 ! 



0.50 

0.46 

0.45 

0.43 

0.57 

0.59 

0.44 

0.43 

0.62 

0.54 

0.42 

0.40 

0.03 






i 

0.78 

0.81 







o.ot 





0.79 

0.79 





1.03 

0.95 

0.74 

0.73 

0 05 

1.22 

1.25 

1.03 

1.03 

0.97 

0.95 

1.07 

1.11 







0.06 





I. OS 

1.09 



0.96 

1.01 

1.25 

1.23 



0.075 



1.41 

1.40 







1.35 

1,36 

1.16 

1.13 

0.05 





1.29 

1.34 









0.09 











1.40 

1.42 

1.23 

1.23 

0.10 

2.24 

2.27 

1.66 

1.65 

1.54 

1.52 









0.12 





1.6S 

1.64 









0 20 

3 62 

3.62 













0.25 

3.67 

3.9C 

’ 













R and A values in parentheses deduced from nearest actual determination. 


A relationship useful in its application to unknown sera may be 
derived from expression [6 a]. If both sides of the equation be divided 

by S, tlic resulting equation, ~ = 2R — — S, is that of a 

straight line. Thus, if the values of Uie ratio found in the region of 
excess anlilxtdy arc plotted as ordinates against the amounts of S III 
added as ab.'^cissac, a straight line is obtained. The intercept on the 
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3 of Table VI were obtained in this way and are probably more 
accurate than the observed ratios because the experimental errors in 
the determination of the individual points are averaged in this method. 

This linear relationship makes it possible to characterize an unknown 
Tj'pe III antipnemnococcus serum or antibody solution in the region of 
excess antibody by two analyses, in duplicate. If the ratio of antibody 
N to S III precipitated be determined for two different amounts of S III 
in the region of excess antibody and a straight line be drawn through 
the two points so obtained, the intercept on the y axis = 2 R and the 
R2 

slope = With the R and A values at the beginning of the 
equivalence zone calculated in this way the amount of antibody nitro- 
gen precipitated by any quantity of S III less than may be cal- 
culated with a fair degree of accuracy. In choosing the amounts of 
S III to be used in the determination of these points it is best to pre- 
cipitate more than 50 per cent of the antibody, since above this level 
experimental errors in the determination of nitrogen have a smaller 
N 

effect on the — ratio. The application of this procedure to several 

antibody solutions is illustrated in Table X. It will be seen that there 
is in general good agreement between the observed and calculated 
points, but it is better, of course, to have three points with which to 
determine the position of the line. 

In I ig. 2 and in making calculations in the region of excess antibody 
it is assumed that all of the antibody present is precipitated at the 
beginning of the equivalence zone. The data in Reference 1 and in 
lables I and III show that this is actually not the case, and that the 
amount of antibod}’ precipitated usually increases as S III is increased 
in the equivalence zone, often reaching its maximum only when S III 
is present in appreciable excess. In different sera the amount of 
additional antibody nitrogen precipitated in this way varies from a 
few hundredths to one- or two-tenths of a milligram. This behavior 
appears due to the varying amounts of the relatively c.isily dissociable 
unlilxxly occurring in different sera, and render.s necessary for the 
complete description of the behavior of a scnim in the precipitin re- 
action a separate determination of the maximum amount of speciticallv 
procipitable nitrogen (3, 4, 7). 
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the relation of leukosis to sarcoma of chickens* 

I. SAUCOMA and EElimOLEDKOSIS (SlEAIN 13) 
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AU known causative agents of leukosis 
stitnulate eitker a single type of ceU or ^ ''Zll 

cells to unrestricted multiplication (1, 2). 1 lotAd with 

Ih leukosis was noted by us in 1930 antong " —ed ^ 
our leukosis Strain 1 and also as a spontaneous dtsease (3 ta fte 
etiological relationship of these two diseases was not determin . 
There was no evidence that the agent of leukosis Stratn l is capable of 
producing both sarcoma and leukosis. Mclntos ( ) ^ 

recently that treatment with tar is foUowed by the deveop 
neoplasms that arc transmissible by filterable virusej This finding 
suggests that viruses that produce neoplasms are widesprea g 

^^Obcrhng and Guerin (5) described an agent that in their opinion is 
capable of producing both leukosis and sarcoma, and probably also 
carcinoma. They suggest that the common agent of leukosis may 
‘‘mutate” into an agent with affinity for both mesoderma an ec o 
dermal t issues. Their experiments have been repealed with the same 
results by Troisier (6) and partially confirmed by Rothc Meyer an 
Engclbrelh-Holm (7), the latter workers having desenbed a strain 
lhat produces sarcoma and leukosis but not carcinoma. ^ T icrc arc no 
reports on the incidence of neoplasms among the uninjeclec coritro 
chickens by any of these workers. The experiments described here 
were undcrl.aken to determine whcllier a transmissible disease ol 

• Tills invcslipition has been supporlctl by a Fund for the Studs of Ixukem—. 
Mr. Charles BrctNlis .Tssssted in the svoik. 
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injected with fresh blood of No. 2256, and one of them developed erythroleukosis. 
From Jan. 20, 1932, to Aug. 9, 1934, twenty-nine chickens were injected with 
dried blood of No. 2256, of which twelve developed erythroleukosis or myeloid 
leukemia as indicated by the examination of the blood and by the gross findings 
at necropsy. The blood-forming organs from six of these chickens were studied 
microscopically and showed leukosis unassociated with sarcoma (Text-fig. 1). No. 
442 was not examined microscopically. Although the blood smear and gross 
postmortem findings of this chicken were characteristic of erythroleukosis, its 
blood produced sarcoma about the injected wing vein in two of the three chickens 
that were inoculated (Text-fig. 1). These data indicate that Strain 13 arose in 
No. 442. The agent of Strain 1 has either assumed the ability to produce sarcoma 
or a sarcoma virus present in No. 442 has contaminated it. 

We have assumed that in Strain 13 we were dealing with a mixture 
of two agents and have attempted to separate them. The problem 
proved to be intricate. The agent of this sarcoma strain had an 
affinity for connective tissue cells as well as for endothelial cells of the 
blood-forming organs (bone marrow, spleen, and liver) and affected 
most chickens, whether injected intramuscularly or intravenously. 
In most instances of erythroleukosis that were studied microscopically, 
the small sample of marrow examined showed diffuse sarcomatosis or 
endothelial proliferation with a profound derangement of the vascular 
bed of the marrow; but sarcoma of the injected breast muscle w’as 
often found unassociated with erythroleukosis. It seemed doubtful 
■whether the erythropoietic changes produced by Strain 13 were 
identical with the classical erythroleukosis described by Ellermann, 
for they may have been secondary to the endothelial lesions caused by 
this virus. In most instances they could be readily distinguished on 
gross postmortem examination from primarj’^ erythroleukosis. Erj’tli- 
rolcukosis of Ellermann is characterized by progressive, seemingly 
autonomous proliferation of erythroblasts that invade the blood and 
accumulate in the pulp of the spleen and in the capillaries of manv 
organs; c.g., liver, lung. Retarded or arrested maturation and Icuko- 
stasis distinguish erj’throlcukosis from sccondaiy erythroblastic 
liypcqilasia, the latter being associated v.'ith normal maturation of 
crj'throblasts and ■with no leukoslasis. Most instances of crvthro- 
kukosis produced by Strain 13 arc modified by coexistent diffuse 
endothelial neoplasms, but pure instances of enuhrolcukosis of the 
bone marrow occur among the passages of this strain and histological 
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(o) 17 showed neither erythroleukosis nor sarcoma of the bone marrow; (6) 21 
showed both; (c) 6 showed evidence of sarcoma tosis of the bone marrow; (d) 7 
showed evidence of erythroblastic proliferation resembling erythroleukosis of 
Ellermann, and sarcoma in some organ other than bone marrow; (c) 1 showed 
erythroleukosis unassociated with sarcomatosis. Thus only one (No. 73) of the 
chickens studied microscopically had pure erythroleukosis indistinguishable from 
that produced by Strain 1. In addition, however, seven chickens (group d) showed 
erythroblastic proliferation of the bone marrow unassociated with maturation of 
erythroblasts and sarcoma of the muscles, spleen, or some other organ. In four 
of these birds erythroleukosis was advanced, in three it was slight. Several birds 
had hematomata in organs other than the bone marrow but the erj'throblastic 
hyperplasia of the marrow, unlike that which follows loss of blood, was unasso- 
ciated with maturation and was indistinguishable from that which characterizes 
incipient erythroleukosis (Fig. 2 (8)). These findings strangely support the 
assumption that the virus of Strain 13 may stimulate independently eiythroblasts 
as well as endothelial cells. It is possible that parts of the une.\amined marrow 
of some of the eight chickens included in groups d and e had sarcomatous changes, 
but it does not seem probable that this is true for all members of these groups, 
hloreover, the occurrence of hemorrhage or sarcoma in one part of the bone 
marrow does not explain proliferation of erythroblasts with arrested maturation 
in other parts of the marrow. 

Sarcomata were found in the ovary, testis (Fig. 10), and less frequently in the 
lung, kidney, skin (Figs. 15-17), and heart. Hemorrhage from spleen or liver 
was often the immediate cause of death. 

The histogenesis of the changes produced by this strain needs further investiga- 
tion. The tumors produced in the breast muscle resemble those of connective 
tissue origin (Figs. 7-9), while most neoplasms found in the skin and the internal 
organs appc.ar to arise in situ from endothelium. Examples of endothelial neo- 
plasms are shown in Fig. 5 (bone marrow). Figs. 15-17 (skin). Figs. 13 and 14 
(ovary). Endothelial hjpcrplasia, such as shown in Fig. 18, was often found in 
the liver of chickens injected with Strain 13. Side by side with distinctly endo- 
thelial neoplasms there were solid masses of sarcoma cells whose origin was not 
determined. Tlic changes in the spleen, characteristic for Strain 13 and illus- 
trated in Figs. 11 and 12, have the morphological characteristics of a neoplasm 
that has arhen through malignant transformation of endothelial cells of the spleen. 
Similar alterations were found in the bone marrow, ovary (Figs. 13, 14), and 
testis. 

Tlie formation of blood cells from endothelial cells was not seen in any of these 
preparations. Tlie channels lined with neoplastic endothelium either contained 
normal blood cells (Figs. 5, 18) or, in the presence of coexistent erythroleukosis, 
they contained basophilc eiylhrohlasts (Figs. 10, 13, 14). 
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cannot be expected to do so because intravenous inoculation produces 
diffuse sarcomatosis of the internal organs as regularly as intra- 
muscular injection produces sarcoma of the injected muscle. 

Alkmpis to Separate the Hypothetical Sarcoma Agent from the Hypo- 
thetical Leukosis Agent by Injecting Diminishing Amounts 
of Blood or Tumor Tissue 

If Strain 13 is composed of a mixture of two agents and if there is a 
difference in the effective concentration of these agents in a given 
inoculum, then by injecting diminishing amounts of it one should 
reach a dose that produces only sarcoma or leukosis. Since the 
concentration of the transmitting agent of leukosis in the blood is 
variable and may be as high as one millionth of a cubic centimeter 
(9) and each dose has to be tested on several chickens, the experiments 
reported here cannot be regarded as complete. 


Inlramuscutar Tilralion . — ^The blood of a chicken that had sarcoma and leu- 
kosis was inoculated in diminishing amounts into the muscles of the left wing 
and left breast of six chickens, with the following results (Passage X t). 


Chicken Ko. 

Amount injected 

Period of 
observation 

I^ion 


cc. 

days 



0.1 

D 16 

Sarcoma and crj’lhrolcukosis 


0.1 

D30 

Sarcoma 



D26 

S.arcoma and crythrolcukosis 



D24 

Sarcoma and ciythrolcukosis 


0.00001 

D 21 

Eo’throlcukosis 

Hfl 

0.00001 

D30 

Erylhrolcukosis 


Ahhreviaiiom Used in the Tabulations 

p >= died, K •=■ killed. The figures that follow the letters D or K show the 
period of observation, in days, after inoculation; c. g. “D 2S” denotes that the 
chicken died 28 days after inoculation. 

Koutc of injection: i.m. »» intramuscular, i.v. ■= intravenous. 

Most of the chickens used were young Barred Rocks, or White Tx-ghoms; their 
age varied from a few to about loo'days. 


Intramuscular injection of 0.001 cc. of blood produccrl both crythrolcukosis and 
Mreonua, but 0.00001 cc. produced crythrolcukosis only, with no tumor at the 
Mtc of injection. No ti.ssucs were t.ikca for microscopic cx.arr.in 3 tion from the 
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erythroleukosis. Five of six dried samples tested produced tumors in 
all injected chickens; one sample was inactive. 


Donor 

Dried material 

No. injected 

No. of successful 
inj’ections 

3971 

Tumor 

3 

3 

3116 

Tumor 

3 


4078 

Tumor 

3 

d 

4304 

Blood 

4 

0 

3014 

Blood and spleen 

7 

7 

3116 

Blood 

3 

3 


The desiccation in these experiments was done in the frozen state, 
as previously described (2) . In one experiment tumor tissue was also 
dried in vacuo at room temperature. There was no significant differ- 
ence between the tissues dried in vacuo in the frozen state and those 


dried at room temperature. 



Weight 
of fresh 
material 

Loss of 
weight 

Result of 
inocuUtion 



fer cent 


Dried in the frozen state 


28.5 

Successful 



60.0 

Unsuccessful 



85.8 

Successful 


■BH 

85.8 

Successful 

Dried in the unfrozen state 

1.04S 

67.8 

Successful 


0.866 

85.8 

Successful 






The foregoing experiment was undertaken for two reasons, (o) 
There arc no data available that compare the results of drj'ing oncogenic 
viruses in the frozen and unfrozen state, {b) It was thought that if 
the virus is living, there might be an optimum degree of dehydration 
beyond which it might perish. Dehydration, however, was complete 
under the conditions of the experiment within 19 hours in vacuo; 
when phosphorous pento.xidc was renewed after this time and the 
material was kept in high vacuum for an additional 6 days, there was 
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agent that stimulates primitive blood cells but otherwise behaves like 
the sarcoma agent. 

Several factors are necessary for a virus to produce manifest disease. 
The number of disease-producing units in the new host must exceed a 
certain minimum. This is the probable explanation of the incubation 
period of leukosis, during which anatomical changes are not detected. 
It may be supposed that after intramuscular inoculation of Strain 13, 
the hypothetical sarcoma virus undergoes rapid multiplication and 
leads to the death of the animal before the leukosis virus reaches a 
concentration necessary to produce manifest disease. In the sub- 
passages of sarcoma both viruses are carried over into the new host but 
become manifest only under conditions that allow them to multiply 
and reach the concentration that would produce disease. This assump- 
tion is contradicted by the experiment that showed that a minute 
amount of the sarcoma tissue (0,00001 cc.) of an apparently leukosis- 
free chicken produced erythroleukosis only, whereas larger amounts 
produced sarcoma. It evidently requires a larger dose or a longer 
period of time to produce sarcoma in the breast muscle than it does to 
cause diffuse sarcomatosis and erythroleukosis of internal organs, such 
as spleen and bone marrow. 

The observations suggest the possibility that the virus of Strain 13 
produces sarcoma primarily and that erythroleukosis is the result of 
profuse secondary sarcomatosis of the bone marrow. Against tlus 
view are the histological characteristics of erythroleukosis that are 
indicative of a primary proliferative process. There was no difference 
in this regard between Strain 1 and Strain 13. Attempts to induce 
crj’throlcukosis by bleeding or chemicals that injure red cells have not 
been wholly successful, but pyrodin produced crj’throblastic hj'per- 
plasia of the marrow’ resembling closely that produced by the leukosis 
N-iruscs (3). Erj’tliroleukosis unassociated with sarcoma was seen in 
very few chickens and in these cases only a small piece of marrow’ was 
c.\amincd. Sarcoma of the breast muscles may exist over long periods 
of time without causing blood changes. Histological examinations 
showed that the xdrus of Strain 13 caused a profound derangement 
0 ! tile vascular system with extensive hematomata, often with only 
scant c\ddcncc of malignant proliferation. It mav be that this 
derangement is often the first step in the neoplastic transformation of 
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THE EXTENT OF LOCAL DISPERSION OF INFECTIOUS 
AGENTS AS A FACTOR IN RESISTANCE 
TO INFECTION 

By F. DURAN-REYNALS, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 

Plate 29 

(Received for publication, October 27, 1934) 

The reactions of the host to bacterial and virus infections have been 
measured in terms of the minimal lethal dose for different sites of inoc- 
ulations, and they have been appraised in terms of damage to tissues 
and in terms of tissue specificity; but the extent of dispersion of the 
infective agents as affecting the results has in the past been accorded 
little attention. In recent work from this laboratory' a chemical 
fraction which causes dispersion of particulate matter injected wfith it 
into the skin and extracts from testicle (1) and from invasive bacteria 
(2), which have the same effect, served as a tool to show that the 
extent of dispersion of the infectious agent importantly influences the 
size of the lesions due to infection. It was found that intracutancous 
inoculations into rabbits of testicle extract together with concentrated 
suspensions of bacteria resulted in more widespread lesions than 
inoculations of equally concentrated suspensions of bacteria in isotonic 
saline (3). It was later observed that inoculations of testicle extract 
with dilute suspensions of staphylococcus cither produced lesions 
which were less widespread than those produced by saline suspensions 
or failed to produce a lesion (4). These results led to the supposition 
that in the case of bacteria there could be determined a critical con- 
centration, the minimal effective concentration per unit area of in- 
fection, below which no reaction would occur, and above which the 
intensity of the reaction would be roughly proportional to the con- 
centration. The critical concentration is presumably the resultant 
of local resistance of the host tissues, and of local vinilcnce of the 
bacteria. 
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This supposition has now been tested repeatedly with bacteria and 
with several viruses. The results to be given in the present paper 
confirm and extend those previously reported, as concerns bacteria. 
They indicate in addition that the critical concentration for filterable 
viruses may depend upon a different state of affairs from that for 
bacteria. 


Material and Methods 

Origin and Characteristics of the Bacteria Used. — Staphylococcus albus , — 
This was an R variant, viscid and non-virulent, isolated 2 years ago from a chronic 
suppurative process in man. 

Staphylococcus “citreus”. — This was a hyperpigmented, viscid, non-virulent 
strain obtained by dissociation of a virulent aureus strain growing in gelatin 
medium. 

B. prodigiosus, E. lyphi, V. choJerae, B. protcus, B. dyscntcriae Flexner . — ^The 
sources of these are not accurately known, but they are all old laboratory strains 
of low virulence. The strain of B. prodigiosus occasionally shows a rather strong 
local infective power for certain rabbits. 

Pneumococcus, R Variant. — This was the Strain 1/192/R, obtained by dissocia- 
tion of a virulent strain of Pneumococcus Type I, and is non-virulent for mice 
and rabbits.^ 

Streptococcus 090 418 PLcmolylic?' — ^This is a bovine strain which is highly viru- 
lent for mice and rabbits. 

Streptococcus 090 419 Non-Hemolytic. — ^This is also a bovine strain and highly 
virulent for mice, but probably less so for rabbits. Both of these strains of strep- 
tococcus contain the specific carbohydrate and are very active producers of the 
spreading factor. 

Streptococcus S/43-M.A. — Isolated from a case of measles, it is non-virulent 
for mice and of medium virulence for rabbits. It contains the M. substance 
and produces a moderate amount of spreading factor. 

Streptococcus S/43 Glossy. — This was derived from Strain S/43-M.A. with which 
it shares its characteristic of vdrulence. It is devoid of type-specific substance 
and is a very feeble producer of spreading factor. 

Streptococcus K-152. — h rheumatic strain, it is probably of medium virulence 
for rabbits. 

Staphylococcus aureus, Strains 40 and 50. — ^These are virulent strains isolated 


' This strain was supplied by Dr. Goodner of the Hospital of The Rockefeller 
Institute. 

- All of these strains of streptococcus were supplied by Dr. Lancefield of the 
Hospital of The Rockefeller Institute. The nomenclature used by her to desig- 
nate these strains has been retained. 


spreading factor "" « “’an. Both 

^denti-cal ' 4 t{ B°Zlrrd-°'^ ^ -Ti P^°duction of the 

if — ~C2;.»;i-.“5.;" «-- . . 

>»£:rc.''~»-!™'""'"'''"‘-=fs; 

"ont::£'r “ "'“ '“ ““ “ 

“"““‘■''IsWnsl.avab, ,. . “ 1 ■<> 3 

too o'/Ztoif ./&*„>, _ 2 ^ "" '° ™“‘'' to*'” to several 

^“^"5100 pTovidM saUne to . 1 ° ‘ ^^eads f ^y^bakinf; th„ 

ss#Si;w::::::~~-~ 

“SS» si*j 

* '“fcctfon. ^ ’“to 


‘'’^ougr; pvr„/_:rf- . 

'-to ive,,,^^. ■ 

'•'“”«:;?to«^““to«-.s,be,ee^^ , ^ “'to '«' 

SS ;:'to«totoo' 5 : r; *•“-« .. „e ."“"“"■‘-■-tora. 

e. 

- 1^; .,ra. ”tt e/^a»„ .me .,,e.|, „ ''''. lor rabbi, 

'“I” ' ”"to „era » -s ,ra, 

‘ "to" - m V „,. ' "" °' ■'”' "-‘tolle, ,„,, 

- ’-'r. Kjvers. 



620 INFECTIOUS AGENTS AND RESISTANCE TO INFECTION 


Shope in wild rabbits (7).® It was carried by us through 18 passages in the rabbit 
skin, after which it induced much more active growths than before. It was ac- 
tive only when injected into the skin or testicle, producing a strictly local growth 
which always regressed. 

Preparation of Suspensions of Viruses. — Graded series of dilutions of virus were 
prepared from standard suspensions of the virus contained in the tissue pulp. 

The standard suspensions of Levaditi’s neurovaccine virus and of Noguchi’s 
testicle vaccine virus were prepared as follows. Rabbits injected intratesticu- 
larly with the virus were killed 5 da3's later, the testes were removed and ground 
with sand and approximately 10 volumes of a mixture of Ringer’s solution and 
glycerine in equal parts. The resulting .pulp was distributed in tubes, covered 
with a layer of vaseline, and stored in the ice box. Dilutions of this pulp were 
made up immediately before each experiment. 

For the preparation of Rivers’ Virus III the rabbits were similarly treated, but 
the testicle pulp containing the virus was used immediately upon preparation. 
The same graded dilutions were prepared from the original pulp of the plain and 
cultured vaccine virus. 

The virus of Shope’s fibroma-like growth was used after 2 passages and after 
18 passages through the rabbit skin. Growths from 5 to 8 days old were used. 
The fresh tissue was ground with sand and 6 volumes of isotonic saline; the resul- 
tant pulp was centrifuged and the supernatant fluid used for dilutions. 

Preparation of the Spreading Agents. — Bull testicle extract was prepared by 
stripping the membrane from the organ and grinding the glandular tissue with 
sand and 4 volumes of isotonic saline. The extract was then filtered through a 
Berkefeld V or W filter. 

The bacterial spreading factor was prepared from an invasive strain of staphylo- 
coccus (2) by extracting a 24 hour culture of the bacteria for about 15 minutes 
with isotonic saline in the ratio of 5 or 10 cc. of fluid per culture and then filtered 
through a Berkefeld V candle. Both testicle and staphylococcus extracts stored 
in tubes in the ice box were still active several months after their preparation. 

Immune Sera. — The antipneumococcus serum was either the horse serum from 
the New York Board of Health or the rabbit antiserum prepared according to the 
method of Cole and More (8). The antivaccine sera came from 3 rabbits which 
had recovered from vaccine infection of the skin and are designated as Samples 
A, B, and C. They had been previouslj" tested for antivaccinal antibodies. 

Method of Testing the Effects of Spreading of Infectious Agents. — Progressive 
dilutions of the infectious agent to be tested were made with saline solution. 
Generally no more than 6 of such dilutions were tested on a single rabbit. 1 cc. 
of a mixture of equal volumes of each dilution with testicle extract was injected 
intracutaneously into the side of the animal, and these injections were repeated 
in the other side with saline instead of testicle extract. Experiments performed in 
this way exclude the influence of individual variations in animal resistance upon 


® The virus was supplied to us bj' Dr. Shope. 



-- - -ir 

preliminary Com,-, . used 

/« //;, SkZwhcTr^'" ^^^^ormity of Di St, • 

, the data so f. iftl PT? 

thespreadJl° /'^^^^^hleontheeff . Extract 

(^)> and of invastvl\^°^ extract fi) ^'"^ections of 

“' '"r,;s;: " ;tr 

'’““'■vely dfaributodSighiT, '^“8 "-ia “he spt 

'"*S or^:^, 1- aho., a, ”' '■'““ “a:"„"edSy 

0, “ i>ra,ta„e^ , ““ '”»“ ■•" .ho ,K.4't:;.?''“''-”= a. o' 

"•crcL jn ■ 2iiourswcr. rabbit skm f of 

">“lfpl.rati„„ „, '“"■' “nacmed win, ,0 p .' ""a' in Ihe 
■ "■'"« »Pro„,- a™ after (heir l„a “'°"a rcsu/i;„„ 

•’'^‘^ >Vcicl , f’f^P-iration. „ lodgement. 

■ dad, o„, 


622 INFECTIOUS AGENTS AND RESISTANCE TO INFECTION 

Test. — Homogeneous suspensions in saline of 24 hour cultures of E. coli, B. 
prodigiosus, and Streptococcus hcmolyticus 090 were prepared. A 1/10, 000th of 
the E. coli and B. prodigiosus cultures and a 1/1, 000th of the streptococcus cul- 
ture were each suspended in 0.5 cc. of saline, mixed with an equal volume of testicle 
extract, and injected into an area of the depilated skin of the same rabbit. The 
animal was killed after 2 hours. By that time each of the injected mixtures had 
spread through an area of approximately 6.5 x 5.5 cm. from the point of inocula- 
tion, as shown by local edema and blanching. With sterile instruments circles 
of skin about 0.3 cm. in diameter were then excised from near the point of 
inoculation and from other regions inside and just outside the limits of the affected 
skin. The fragments of skin were firmly held with forceps to e.xpress the fluids 
and the under sides of each were rubbed over the surface of blood agar plates. 
The number of colonies which grew from each of the fragments after 48 hours of 
incubation at 37°C. are given in Table I. 

TABLE I 


Number of Bacteria Distributed at and around the Point of Intradermal Inoculation 
of Bacterial Cultures plus Testicle Extract 



Point of 
inoculation 

1-3 cm. 

4-6 cm, 

1 

7-8 cm. out- 
side area of 
spreading 

B. prodigiosus 


Mi 

300 

0 

E. coli 



600 

0 

Streptococcus hemolylicus 090 

70 

400 

300 

1 

35 


Table I shows that in the case of B. prodigiosus and E. coli the 
number of bacteria within the area of skin affected by the spreading 
is remarkably uniform, if one judges by the number of colonies which 
have developed from the different regions of skin as result of the 
relatively crude procedure. In the case of Streptococcus liemolyticus 
090 a spread of the bacteria from the area of inoculation and beyond 
the visible limit of dermal infiltration with fluid evidently took place. 
This strain of streptococcus is itself a very active producer of the 
spreading factor (2), which may perhaps account for the findings. 
The results as a whole are constant enough to permit of the conclusion 
that to all intents and purposes the distribution in the infiltrated 
skin of bacteria shortly after injection of them together with testicle 
extract is at least fairly uniform. The demonstration that there is 
some uniformity proved of value in interpreting the phenomena that 
were studied later. 
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* Other tests have shown that more concentrated suspensions give enhanced lesions under the influence of testicle ex- 
tract or of the spreading factor from invasive staphylococcus (2). 
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with testicle extract. These pustules resemble those produced by 
some filterable viruses. They do not appear until 5 to 7 days after 
inoculation and it is believed that they are manifestations of the 
gradual multiplication of a few scattered organisms. Such lesions 
are illustrated in Figs. 1, 2, 3, and 4.® 

The Effect of Spreading upon Pneumococcus Type I Lesions When 
the Host's Resistance Is Raised 

Reference has been made to the fact that virulent pneumococcus 
was enhanced even in high dilutions by testicle extract, in this respect 
differing from the other bacteria tested. Non-virulent strains of this 
organism do not show this characteristic, as is evident from Table II. 
It seems not unlikely that the great susceptibility of the rabbit to the 
virulent organism might account for the difference observed. The 
following experiment was undertaken with the aim of testing the effect 
of an increase in the animal’s resistance upon the lesions produced by 
the virulent organism disseminated by testicle extract.^® 

Experiment . — 8 rabbits weighing approximately 2,500 gm.“ were injected in- 
tracutaneously on one flank with graded dilutions of an 18 hour T broth culture 
of Pneumococcus Type I mi.\ed with testicle extract. On the other flank they 
received a series of the same graded dilutions of the organism but in salt solution. 
Immediately after the inoculations 2 of the rabbits received 5 cc. each of anti- 
pneumococcus horse serum, another 2 cc., and a 4th 1 cc. The 5th animal was 
given 5 cc. of antipneumococcus rabbit serum and the 6th 5 cc. of normal horse 
serum. The remaining 2 received no serum and served as controls. The results 
are given in Table IV. 

Additional tests were made on 3 rabbits in which graded dilutions of the or- 
ganisms were mixed with testicle extract and antipneumococcus serum, and the 

® The photographs in another paper (3) illustrate further the effect of spreading 
to suppress lesions produced by Staphylococcus albus and aureus. 

These experiments were suggested in part by an observation on 2 strains of 
streptococcus. When we studied these strains (S/43 glossy and K-1S2) by the 
technique of spreading their dilutions, each strain gave 2 sets of opposite but 
perfectly consistent results. In certain rabbits, enhancement of the lesions pro- 
duced by high dilutions of the bacterial suspension was obtained; on other rab- 
bits, suppression of the lesions produced by low dilutions was observed. It seemed 
evident that the degree of individual immunity might have something to do with 
the results. 

Smaller animals are not well suited for this kind of experiment. 
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mixtures injected in one flank of the rabbit. The control injections consisted of 
the same series of dilutions with antiserum and saline solution. The amount of 
antiserum varied from 0.05 cc. to 0.0005 cc., but that of testicle extract and of 
saline was kept constant. The results are given in Table V. 

It is evident from Table IV that a marked inhibition of the pneumo- 
coccus infection results when the organisms are spread by testicle 
extract if the resistance of the animal has been raised by the injection 

TABLE V 


Lesions Produced by Mixtures of Pneumococcus Type I and Specific Antiserum 
Together with Testicle Extract and Saline Respectively {Lesions 
Recorded after 24 Hours) 


Stin site 

Fraction of 
pneumococcus 
culture (con- 
tained in O.S cc.) 

Amount of 
saline solution 

Amount of 
testicle extract 

Amount of 
antipneumo- 
coccus serum 

Resultant 

lesion 




CC, 

CC, 

CC, 



1 

1/10 

0.5 

0 


rh 


2 

1/10 

O.S 

0 


rh 

Rabbit 1 ■ 

3 

4 

1/10 

1/10 

0 

0 

0.5 

0.5 

H 



5 

1/10 

0.5 

0 


3-k 



1/10 

0 

0.5 

■■ 

6+ 


1 

1/10 

0.5 

0 


2+ 


2 

1/10 

0 

O.S 


1-k 

Rabbit 2 

3 

1/100 

0.5 

0 

0.005 

d= 


4 

1/100 

0 

O.S 

0.005 

— 


IS 

1/100 

0.5 

0 

0 

6+ 


[1 

1/10 

O.S 

0 


5+ 


2 

1/10 

0 

O.S 


3+ 

Rabbit 3 

3 

1/100 

0.5 

0 


3+ 


4 

1/100 

0 

0.5 

0.0005 

± 


Is 

1/100 

0.5 

0 

0 

8+ 


of antiserum. The evidence of increased resistance of the rabbits is 
manifest also by the suppression of lesions where the highest dilutions 
of the controls were injected. In those animals receiving no antiserum 
all of the dilutions produced a uniform enhancement of the lesions. 
These results are graphically shown in Text-fig. 1, which is based on 
Rabbits 2 and 7 of the table. 
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large quantity of bacteria. In order to obviate this disadvantage a 
series of experiments was conducted with progressive dilutions of 
bacterial cultures combined with testicle extract or saline solution, 
each rabbit receiving but a single injection. In this way the evolution 
of the individual lesions could be watched independently of the general 
effect of any other inoculation. 

The following series of experiments was conducted on Slrcptococcus 
Imnolytiais 090, Siaphylococciis anreus, and Staphylococcus albus. 

Streptococcus hcmolyticus 090 . — 7 progressive dilutions of a 48 hour blood agar 
culture were obtained in saline. These dilutions were such that each 0.5 cc. 


TABLE VI 

E^ect of Dispersion of a Single Test Mixture 


Type of bacteria 

No. of 
experiments 

Enhancement 
of lesions by 
testicle 
c-xtract 

Partial 
suppression 
of lesions by 
testicle 
e-x tract 

Complete 
suppression 
of lesions by 
testicle 
extract 

Streptococcus 

11 

4 

2 

5 

Staphylococcus aureus 

2 

0 

2 

0 

Staphylococcus albus 

2 

0 

0 

2 


15 other rabbits were injected with the same bacterial dilutions plus saline 
solution as control. 


represented the following fractions of the culture: 1/200, 1/2,000, 1/10,000, 
1/20,000, 1/40,000, 1/60,000, and 1/100,000. 

7 rabbits were injected intradermally with one or another of these culture 
fractions together with the same volume (0.5 cc.) of testicle extract. 7 more 
rabbits were similarly injected using saline instead of testicle extract. The tests 
dealing with some of the culture fractions were repeated 2 or 3 times so that the 
total number of animals used was 22. 

Staphylococcus aureus . — Fractions of 1/500 and 1/1,000 of a 24 hour plain agar 
culture were used. These were injected with 3 cc. of testicle extract or saline 
into the skin of 4 rabbits. 

Staphylococcus albus . — All was done as in the case of Staphylococcus aureus. 

The lesions were followed until the death of the animal or until complete heal- 
ing occurred. The end-results of these 3 series of experiments are summarized 
in Table VI. 

It will be seen from Table VI that the dispersion by testicle extract 
of single test mixtures results in either enhancement or suppression 
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the inoculations, save in the case of those of the Shope virus which were measured 
after 12 to 14 days. 

It will be seen from Table VII that the spreading action of tcstide 
extract considerably enhances the development of virus lesions in all 
dilutions, even those approximating the minimal infective dose, and 
in the case of all the highly various strains employed. Both Hoffman 
and McClean (11, 1) have made similar observations, theirs including 
vaccine virus and those of herpes vesicular stomatitis and foot-and- 
mouth disease. It would appear that the effect of dispersing filterable 
viruses is entirely different from that in the case of bacteria, being 
uninfluenced either by dilution or by the “virulence” of the strain 
employed. The thought suggests itself that the critical concentration 
of virus per unit area is the minimal infective dose, or in other words, 
an iitfedive tmit of virus. 

The Effect of Spreading on Neurovaccine Virus Lesions When the Host 

Resistance Is Raised 

Since the experiments just described were carried out on normal 
rabbits, we next tried to determine whether suppression by spreading 
took place in rabbits whose resistance had been raised by specific 
antiserum, as was the case with a highly virulent strain of pneumo- 
coccus. 

Experiment . — 8 rabbits were injected intracutaneously on one side with 5 or 6 
dilutions of the standard pulp of neurovaccine virus mixed with testicle extract 
and the same was done on the other side, using saline solution instead of testicle 
extract. 0.5 cc. of each ingredient was used. Immediately afterwards 5 of the 
rabbits were injected intravenously with 10 cc. each of serum from rabbits recently 
immune to vaccinia, and another rabbit was similarly injected with 5 cc. of the 
immune serum. The other 2 rabbits were not injected and served as controls. 

The results are expressed in Table VIII and Text-figs. 2 and 3. 

An additional test was carried out with 2 rabbits in which mixtures of vaccine 
virus and antiserum were injected intracutaneously together with testicle extract 
on one side while on the other vaccine virus was introduced with antiserum alone. 
The 1 cc. injection was composed of 0.5 cc. of testicle extract, 0.25 cc. of vaccine 
virus diluted 1:100, and 0.25 cc. of antiserum. The dilutions and the results 
are shown in Table IX. 

Table VIII and Text-figs. 2 and 3 show that there was very little if 
any enhancement or suppression as result of spreading the virus in 
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rabbits whose resistance had been raised. That the antiserum em- 
ployed was an effective neutralizing agent comparable to the anti- 
pneumococcus serum of a previous experiment is shown by the fact 
that 10 cc. of it nearly suppressed the virus infection whether it was 
injected with or without testicle extract. 

Table IX shows that spreading enhanced the vaccinal lesions in the 
presence of the specific antiserum as well as without it. 

TABLE VIII 

Lesions Produced by Ncurovaccinc Virus Injected with Testicle Extract and Isotonic 
Saline Respectively in Rabbits Partly Immunized with Specific Antiserum 
{Recorded at the Time of the Maximum Lesion, 

5 to 7 Days after Injection) 


Rabbit 

No. 

Lesions produced by_ progressive 
dilutions of vaccine virus pulp plus 
testicle e.vtract 

Lesions produced by progres- 
sive dilutions of vaccine virus 
pulp plus isotonic saline 

Amount of serum 
injected intravenously 

1/1,000 

1/10,000 

1/100,000 

1/1,000,000 

1/10,000,000 

1/100,000,000 

1/1,000 

1/10,000 

1/100,000 

1/1,000,000 

1/10,000,000 

1/100,000,000 
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* Rabbit 2 was injected with 5 cc. of serum 24 hours before the skin injection, 
and another 5 cc. at the time when the skin was injected. 


These experimental results establish the fact that the reactions to 
a typical filterable virus, when the infective agent is spread in the 
partly immune animal, differ from those when a highly virulent 
bacterium such as Pneumococcus Type I is spread under similar 
conditions. 
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spreading action of the bacterial extract enhanced the lesions when 
the organisms were above the critical concentration, and when they 
were below it, suppressed them. This latter also held true for the 
bacillus of Mouse Typhoid II, but dilutions were not carried above 
the critical concentration. 

In another group of experiments in which 3 rabbits were used, vaccine virus 
was injected in progressive dilutions in one side of the rabbit together with the 
staphylococcus extract, while in the other side saline instead of extract was in- 
troduced. The method was the same as when dealing with the action of testicle 
extract on filterable viruses. The results are expressed in Table XI. 

The results shown in Table XI were similar to those where testicle 
extract was used for the spreading agent; namely, enhancement of the 
lesions at all virus dilutions. 

From these two sets of experiments it can be concluded that the 
spreading factor derived from an invasive staphylococcus has the same 
effect upon the fate of bacteria and viruses respectively as has testicle 
extract. Its effects were not limited to the class of organisms from 
which it derived. 


DISCUSSION 

If progressively decreasing doses of bacteria are injected together 
with extracts of testicle or invasive staphylococcus into the skin of the 
normal rabbit, enhancement of the lesions is produced when the num- 
ber of bacteria introduced is large and suppression of the lesions when 
it is small. If the bacterium is highly virulent, e.g. Pneumococcus 
Type I, only enhancement of its lesions will be observed in the normal 
animal, whereas inhibition takes place in the partly immunized ani- 
mal. On the other hand, enhancement of the lesions due to filterable 
viruses is observed at all the dilutions in the normal rabbit, and in the 
partly immunized one no inhibition or very little is observed when 
they are injected together with testicle or staphylococcus extracts. 

From the findings it is reasonable to assume that enhancement of 
the bacterial lesions will be observed, first when the concentration 
of the infectious agent at the site of inoculation is so high that the 
scattering effect of dispersion fails to reduce it below a critical con- 
centration, and second when the virulence of the inoculated bacteria 
is so great that local agencies are insufficient to inactivate them even 
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example, are necessary to cause lesions in a unit area of skin. If a 
dose of 50 bacteria is dispersed through 5 unit areas of skin a large, 
or in other words, an enhanced lesion will result, since each unit area 
gets 10 bacteria, the effective pathogenic dose; but if only 10 bacteria 
in all are injected, then dispersion through 5 areas of skin will result 
in a complete suppression of any lesion, though a small but definite 
one would have developed had they not been scattered. 

It remains to be seen whether the behavior of other virulent bacteria 
spread in the normal or partly immunized host will be the same as that 
of those species and strains studied in this investigation. The tubercle 
bacilli and allied organisms constitute an interesting test material 
from this point of view, and they are now being investigated (13). 
The effect of spreading upon “attenuated” viruses would also make 
an interesting study. 

A satisfactory explanation of the differing effects of dispersion 
upon bacteria and upon viruses waits upon further investigations. 
Testicle extract, as an agent for dispersion, would appear to be one 
more tool for discrimination between bacteria and viruses. The 
viruses studied here were not suppressed in their action when spread, 
no matter what the resistance of the host and the virulence of the 
strain. This held true even for doses closely approaching the minimal 
infective dose, and hence one may assume that the critical concentration 
of virus per unit area of infection is an infective unit of virus. The 
differences in the phenomena are presented graphically in Text-fig. 4. 

Virus infections of the skin appear to be associated with local re- 
actions different from those attending bacterial infections and it is 
possible that the differences may be determined, in part, by the pro- 
tection afforded by the association of viruses with cells (14) and the 
lack of any such protection in the case of extracellular bacteria (15). 

SUMMARY 

Progressively decreasing quantities of bacteria of some 20 strains 
were utilized in experiments upon the effect of dispersing the organisms 
in the rabbit skin through the agency of an extract of testicle or an 
invasive staphylococcus. The same was done with 6 strains of 
filterable viruses. 

The bacterial lesions were enhanced by spreading when the organ- 
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EXPLANATION OF PLATE 29 

Fig. 1, o, b, c, d, e. Rabbit 4-16. Right side {control). Lesions produced by 
the intracutaneous injection of increasing dilutions of a 24 hour culture of mouse 
typhoid bacillus, from 1/2,000,000 to 1/100,000,000, suspended in normal saline 
solution. 

Fig. 2, a, b, c, d, c. Rabbit 4-16. Lejt side. Lesions produced by the same 
amounts of bacteria, suspended in testicle extract. Note the enhancement of all 
lesions and also the tendency to a pustular aspect in the lesions produced by the 
higher dilutions. 

Fig. 3. Rabbit 4-64. Right side {control). Lesions produced by intracu- 
taneous injection of increasing dilutions of a 24 hour culture of mouse typhoid 
bacillus, from 1/200,000,000 to 1/20,000,000,000, suspended in saHne. 

Fig. 4. Rabbit 4-64. Left side. Results of injection of the same amounts 
of bacteria, suspended in testicle extract. Note the manifestly pustular character 
of the lesions produced by the most concentrated suspensions of bacteria {a, b, 
and c) and the complete suppression of the effects of the least concentrated sus- 
pensions {d, e, and/). 
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no longer distinctly positive.^ He summarizes his findings by saying that guinea 
pigs reacted differently when sensitizations with the same brand of neoarsphen- 
amine were attempted in various places. In Breslau 98 per cent of the animals 
became sensitized, but none in New York; Zurich animals showed a state of sus- 
ceptibility placing them between those of New York and Breslau in this respect. 
From a study with Mayer (11) of the factors involved, he concluded that the diet 
of the animals was of decided importance; green fodder inhibiting, dry fodder 
favoring sensitization. 

The observations of Walthard (12) on the sensitization of guinea pigs with 
nickel salts’ could not be duplicated by Coca and Milford (13). Experiments 
by Mu (14) on neosalvarsan were definite but variable in guinea pigs, and in 
rabbits positive in some batches, negative in others, Frei (2) was unable to 
obtain clear-cut results with the latter species. 

The passive transfer of human idiosyncrasy to iodoform and iodine, described 
by Bruck (15) and Klausner (16), has, so far, not been corroborated; and likewise 
Meyer (17), Bock (18), and Mayer (19) were unsuccessful in attempts to produce 
active anaphylaxis to ^-phenylenediamine in guinea pigs as reported by Cursch- 
mann (20), Gerdon (21), and Mehl (22). The first two authors and Mayer (23) 
also reported positive transfer to guinea pigs with the serum of human beings 
h 3 T)ersensitive to ursol, but the latter was not able to transfer hypersensitiveness 
from guinea pig to guinea pig. 

It is apparent from a survey of the work bearing on the subject 
that the conditions which influence the experiments are not yet fully 
understood and so far, in most cases, the lesions obtained in animals 
have not been equal in intensity to those occurring in human beings. 

Other pertinent questions also are still unsolved. It is not known 
whether the capacity to induce sensitivity is connected with certain 
peculiarities in chemical constitution, and with a number of 
substances to which some human individuals are hypersensitive it 
has not been possible, as yet, to induce such a state in animals. 
Moreover, the mechanism underlying the sensitization effects is 
uncertain, as is their relationship to the condition of anaphylaxis as 
produced by typical antigens. 

2 We also had irregular results with neoarsphenamine, but the results were 
markedly improved by using arsphenamine without neutralization. According 
to a personal communication by Sulzberger, he encountered diflSculty in repeat- 
ing the e.xperiments by Jadassohn on phenylhydrazine, also, whereas in a small 
series of animals we found definite evidence of sensitization. 

’ An experiment of our own -with intracutaneous injections of small amounts 
in a few animals was negative. 
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are designated as nodules (nod.). Livid center (liv.c.) or necrotic center (nccr.c.) 
is used to describe stages of necrosis. Oil contact tests arc rated as negative, 
faint, weak, strong. 

N {ciuy. 


p-Niirosodimclliylanilinc 


. — ^Distinctly positive results were ar- 


\/ 

NO 


rived at with />-nitrosodimethylaniline. The use of repeated injec- 
tions of small quantities was adopted following the recommendation 
of Kolle (24), who, in this way, in experiments on salvarsan induced a 
condition in guinea pigs in which they succumbed after administra- 
tion of quantities otherwise well tolerated. The fact tliat nitroso- 


TABLE I 


Animals Tested by intraentaneous Injection of 1/30 Mg. NitrosodmcthylaniUnc 


Treated 

Controls 

Guinea pig 
No. 

Lesions 

Guinea pig 
No. 

Lesions 

1 

1 

9x7, 

p., sl.el. 

7 

c., nod. 

2 

11 X 9, 

p.p., fl. 

S 

4, p.p., nod. 

3 

9x6, 

p., sl.el. 

9 

c., nod. 

4 

14 X 13, 

p.p., m. el. 


f.p., nod. 

5 

9. 

p., el. 

WSm 

neg. 

6 

9, 

p., el. 

■■ 

neg. 


dimethylaniline is capable of producing hypersensitiveness in human 
beings was brought to our knowledge by van der Scheer, who had 
observed a striking instance of such an affection. A batch of animals 
were given repeated intracutaneous injections of 1/30 mg. each in 
0.1 cc. saline solution on the back, two a week for 10 weeks, and tested 
on the side with the same dose 3 weeks after the last treatment 
(Table I). Beginning with the 2nd week the injections were followed 
in all the animals by reactions, which gradually became stronger; not 
seldom a decrease was noticed later in the course. The lesions, which 
were pinkish to pink and elevated, were fully developed after 1 day. 
In normal control guinea pigs but slight effects were produced by 
injections of the substance into the skin. 

A second experiment showed that much smaller doses may cause 
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of 10 weeks (Table III). The lesions, in four of the six animals, 
showed necrotic centers. 

Again, as with nitrosodimethylaniline, reactions developed during 
the course of injections after the 1st week, later reaching a maximum. 

In over twenty batches of guinea pigs treated with the substance at 
different times practically all animals responded with definitely in- 
creased h3T3ersensitivity, although the effects were not equally good 
and not always so strong as those tabulated, and there were marked 
individual variations within each batch as is evident from a glance 
at the tables. 


TABLE III 

Guinea Pigs Tested by Inlracutaneous Injection of 11400 Mg. of 2:4 Dinitrochloro- 
benzene, and Application of a 1 Per Cent Solution in Olive Oil 


Treated 

Controls 

Guinea 
pig No. 

Intracutaneous injection 

Oil 

solution 

Guinea 
pig No. 

intpeutaneous 

injection 

Oil 

solution 

23 

12, 

p.p,, sw., necr.c. 5 

Weak 

29 

a. neg. 

Neg. 

24 

9, 

p., m.el. 

Strong 

30 

4, f.p., si. el. 

Neg. 

25 

12, 

p.p., m.el., necr.c. 4 

Strong 

31 

4, f.p., sl.el. 

Neg. 

26 

17, 

p.p., el., necr.c. 

Strong 

32 

a. neg. 

Neg. 

27 

11, 

p., el., necr. c. 


33 

a. neg. 

Faint 

28 

11x7, 

p., el. 

Strong 





Apparently, a still better way than intracutaneous injection to 
demonstrate the increased sensitivity of treated animals was to spread 
a drop of a 1 per cent solution of dinitrochlorobenzene in olive oil on 
the skin with a glass rod. In sensitive animals the areas in contact 
with the substance showed a faint pinkish color after a few hours 
which increased to a distinct pink or red on the following day, and 
were, in many cases, elevated or actually swollen, in striking contrast 
to the negative controls (Table III). The same method proved to be 
applicable in other cases; e.g., with nitrosodimethylaniline. 

Also, by treating the skin with oil solutions of dinitrochlorobenzene, 
it was possible to sensitize guinea pigs. 

In other tests alcoholic solutions were used as done by Wedroff (26), 
who described reactions after the application of alcoholic solutions of 
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SENSITIZATION WITH SIMPLE CHEMICAL COMPOUNDS 


compounds containing only chlorine as substituents, namely ^-di- 
chlorobenzene, 1:2:4 trichlorobenzene, 1:2:4: 5 tetrachlorobenzene, 
and hexachlorobenzene,'' failed to jdeld evidence of sensitization. 

Of substituted benzenes of the type R:N02:N02, 1:2:4, tested for 
sensitization, 2 : 4 dinitrofluorobenzene, 2 : 4 dinitrobromobenzene, 2 : 4 
dinitroiodobenzene (and 1:2:4 trinitrobenzene) were distinctly ac- 
tive, and 2:4 dinitrophenol gave a slightly positive result which 
would require confirmation. With 2 ; 4 dinitroaniline and 2 : 4 dinitro- 
phenylmercaptan® negative results were obtained. 

Among other substances marked results were obtained with wz-chlo- 
roacetylaminophenol and definitely positive effects with chloroacetyl- 
^-chloroaniline, />-aminophenol, and ^-nitrosophenol. 

With some substances, excitants of human idios 3 mcrasies, namely 
quinine, resorcinol, and acetylsalicylic acid, our methods failed to give 
results. Likewse negative were experiments with substances chosen 
because of their highly irritating properties, to wit turpentine, croton 
oil, acridine, as well as the carcinogenic compound dibenzanthracene. 
Again, a number of dyes, among them azodyes obtained by coupling 
resorcinol with diazo compounds, were ineffective, or not definitely 
active. An exception to this seemed to be resorcinoldisazo-^-suber- 
anilic acid.® Of six animals given repeated injections of 1/50 mg. of 
this dye for 10 weeks one showed unmistakable and one somewhat 
increased sensitivity on reinjection after a month of rest. Finally it 
is worth noting that the method of injecting minute quantities in- 
tracutaneously did not induce hypersensitivity of the skin in some 
preliminary experiments, using carbohydrates of V. cholerae and B. 
pseudoantliracis and dextran.*® Of course, the negative results re- 
ported cannot be taken as final, since other methods may still 
prove effective. 

Tests for Specificity . — The specificity of hypersensitiveness has been 

^ The solutions used were stabilized by the addition of some guinea pig serum. 

® Dissolved with the aid of dilute ammonium hydroxide. 

® Previously shown to be able to induce specific anaphylactic shock in guinea 
pigs sensitized with an azoprotein made from suberanilic acid (Landsteiner, K., 
and van der Scheer, J., J. Exp. Med., 1933, 67 , 633. 

Zozaya, J., J. Exp. Med., 1932, 66, 325. 
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which did not sensitize gave no, or much weaker, reactions in animals 
sensitized with other substancesof the series. The action of 2 : 4dinitro- 
phenol was equivocal both as a sensitizing agent and in the tests. Fur- 
thermore, solutions of 2 : 4 dinitrobenzoic acid, 2:4 dinitroanisole, 2:4 
dinitrotoluene, and 2 : 4 dinitrodiethylaniline did not react with pigs 
hypersensitive to 2 : 4 dinitrochlorobenzene. With these substances no 
sensitization experiments were made. Additional tests on animals 
sensitized to 2:4 dinitrochlorobenzene were made with numerous 
chloro and nitro substituted benzenes. Definite cross-reactions were 
observed in several cases, namely with picryl chloride, and two di- 
chlorodinitrobenzenes, 1:2:4:5 and 4:6: 1:3, These substances 
belong among those found to produce sensitization. Specificity tests 
were performed with the following compounds, also: picryl chloride 
(A), 1:4: 2: 6 dichlorodinitrobenzene (B), 1:3: 2: 5 dichlorodinitro- 
benzene (C), 4:6: 1:3 dichlorodinitrobenzene (D) and 1:2:4: 5 di- 
chlorodinitrobenzene (E), on a limited number of animals sensitized 
to these substances. The specific character of the reactions was 
evidenced by the fact that in each batch of animals the reaction with 
the homologous compound was stronger, or not weaker than those 
with other substances. Definite cross-reactions were observed in the 
following cases: A with B, B with A, C wth A and B, D with A, and 
E with A and D, where the first letter refers to the substance used for 
sensitization, and the others to the compounds used for the skin test. 

Selected animals sensitized by repeated injections with neoarsphen- 
amine, nitrosodimethylaniline, />-phenylenediamine, and resorcinol- 
disazo-^-suberanilic acid respectively, were each injected with all 
four of the substances. The strongest reaction, in each case, was 
given by the homologous substance, but the guinea pigs hypersensitive 
to ^-phenylenediamine showed marked reactions with j^-nitrosodimeth- 
ylaniline, as well. This last reaction was regular and quite definite, 

DISCUSSION 

The essential outcome of the foregoing studies is that sensitization 
effects have been obtained with simple compounds, which are easily 
reproducible and for that reason seem to offer an advantage for further 
studies. From the experiments it would appear that there are a large 
number of substances of different composition by means of which a 
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hypothesis is rendered improbable, if, as Rackemann and Simon 
found, and as seems to be suggested by preliminary experiments of our 
own, the mode of introducing the substance, namely cutaneous ap- 
plication, is of significance for the success of the experiment. 
Another conceivable explanation for increased reactivity, namely 
accumulation of the substance injected into the body, appears to be 
excluded on quantitative grounds, since the sensitization effects are 
of long duration and can be obtained with amounts which altogether 
would not sufl&ce to produce local lesions. 

As pointed out in the review of the literature, immunization by 
simple substances could be explained if one might assume a com- 
bination of the compounds with protein, which is probable in 
the case of ^-phenylenediamine.^^ In this connection it should 
be mentioned that recently Horsfall (30) reported on the sen- 
sitization of rabbits to formaldehyde by immunizing them with 
formalinized proteins. Such a mechanism would appear to be more 
probable than the supposition that the substances act as antigens by 
themselves since even with bacterial carbohydrates, which as a class 
can be supposed to have some antigenic activity, skin sensitization in 
guinea pigs has, so far, not been attained. With the substances dealt 
with in the present paper and others known to be the cause of idio- 
s 3 mcrasies, the assumption of the formation of antigenic conjugates 
in the animal is not so obvious. However it is known that in 2:4 
dinitrochlorobenzene, indeed in most chloro and nitro substituted com- 
pounds mentioned in this paper, a chlorine atom or a nitro group is 
but loosely bound (31), so that some of these substances combine with 
bases, much like acyl chlorides. With the other compounds, for 
instance nitrosodimethylaniline, one must bear in mind that changes 
may occur in the animal body by whicli they acquire the capacity to 
enter into antigenic combinations with other substances and the 
possibility that the mechanism of sensitization may be different 
with various classes of compounds. 

For a thorough discussion and study of the chemical processes involved in 
dyeing ^Yith /(-phenylenediamine and the chemical changes of aromatic bases in 
the animal body we refer to the studies of Cox, H. E., Analyst, 1929, 64, 694; 
1933, 68, 738; 1934, 69, 3; and Kracke, R. R., and Parker, F. P., J. Lab. and 
Clin. Med., 1934, 19, 799. 
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EXPLANATION OF PLATE 30 

Fig. 1. Animal sensitized to 2:4 dinitro chlorobenzene and injected intra- 
cutaneously with 1/400 mg. of the substance. 

Fig. 2. Untreated animal injected in the same way. 
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EXPLANATION OF PLATE 30 

Fig. 1, Animal sensitized to 2:4 dinitrochlorobenzene and injected intra- 
cutaneously with 1/400 mg, of the substance. 

Fig. 2. Untreated animal injected in the same way. 
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tant deterioration of the enzyme took place in several weeks. Standardization 
tests of its rate of digestion at 37°C. were carried out with specimen cultures. A 
solution strong enough to digest the clot in 45 to 60 minutes proved best, as yield- 
ing numerous living cells in not too long a time, stronger solutions tending to kill 
them. Digestion was started with 4 cc. of try-psm solution to each culture, poured 
on after removal of the supernatant fluid; and 30 to 60 minutes later this was 
replaced with 2 cc. more, and sometimes replaced yet again in case the skim of 
clot immediately about the liberated tissue fragments had not wholly digested 
away. A magnifying glass was required to make certain of this. All the digests 
as poured off were added to the supernatant culture fluid, the serum component of 
the latter acting to check further digestion; and a final dilution was done to 160 




cc. with gelatin Tyrodc. Kxcept when the liberated cells \Ycrc to be submitted to 
ultraviolet light the Tyrodc employed with them regularly contained kT per cent 
gelatin, since this acts to prevent mechanical injury to cells rcpcatc<ily pipetted 
while in suspension (4). The abbreviations p. Ty. and gcl.Ty. will be used i.n 
the protocols for plain and gelatin Tyrodc respectively. 

The (iiluted digest was cloudy with individual cells. Forcible pipetting of tlic 
ti‘ ‘ ■,:r f r.agmcnts to set more of them free Hbcrateri fibrils as v. ell and w as avoided. 
Hie v.r.dige'te'l debris was, rcmo%’csl as follows; — 

Tlie tdl su'jyr.s'.on was jvasstd through two Layers of very fine gaurc tie.l iile a 
b.ag ir-.to ,a thotle tube. .ar;d thc.a through two of washctl, clc-se tciturc-! lens p,i;<r. 
S! w s r;'.tr;fcr.atic;i v a* diinr for 5 minutes in four cc. pvm tuber cl us.! v ith 
rl ’-.aw f r. tcatr.a! ti re to 1 wp them in plare ar.d. .a fiar.ge to pn tr-.t tl e bp 
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furthermore the growths induced by the virus regularly retrogress 
and disappear, and they have sometimes a large inflammatory element. 

The Cell Material 

When a culture containing tissue that has grown out into a plasma 
clot is submitted to a trypsin solution (3) many of the proliferating 
cells “let go hands” as the clot digests and round up separately like 
leukocytes. They can now be washed and plated in plasma, there 
to grow anew. For present purposes they have been exposed instead 
to virus-containing fluids, treated in various ways, and inoculated 
into animals susceptible to the viruses. 

Rabbit embryos 18 to 24 days old were procured aseptically, decapitated, and 
hashed in a grinder. The fragments were washed three times by allowing them 
to settle out of suspension in Tyrode’s solution containing per cent gelatin, 
and were then implanted in a 1 :3 mixture of rabbit plasma and TjTode solution. 
To every 25 cc. of plasma, 1.8 cc. of 1 in 1000 heparin solution was added at the 
time of collection. Pyrex flasks of special shape served as culture chambers. 
They were Ehrlenmeyer in type, of about 35 cc. capacity, with an unusually 
broad and flat bottom (Text-fig. 1 o); and they were closed with flanged stoppers 
(6), — made by cutting off both ends of an ovoid 20 cc. rubber bulb and slipping it 
over a rubber stopper, — thus protecting the lip of the flask from bacterial contami- 
nants which might “creep” into the medium. A thick-walled, cotton-plugged, 
capillary tube, extending through the stopper, provided for readjustments of air 
pressure, li cc. of the suspension of the tissue fragments was put into eacli flask, 
followed by }A cc. of rabbit plasma, with brief agitation; and after a few minutes, 
when clotting was complete, 2 cc. of a 1:3 mixture of rabbit serum and Tyrode 
was superimposed. From eight to ten flasks were used for each sowing, — which 
was done in a room ventilated with filtered air and sprayed beforehand to carry 
down dust. The cultures were washed every 2-3 days with plain Tyrode, 
and the supernatant fluid renewed. Profuse growth by the end of the period was 
the rule. Contamination was infrequent. Just prior to the digestion to free the 
cells, after 2 to 7 days of incubation, the cultures were searched with a microscope, 
and any showing bacterial colonies were discarded. 

The trypsin solution was prepared by dialyzing FairchUd’s tr 3 fpsin against 
several changes of distilled water at 4°C. until the enzyme precipitated out. The 
supernatant was discarded, the sediment made to 0.9 per cent NaCl by adding 
concentrated salt solution, further diluted to 5 per cent in terms of the original 
material, and passed through a Berkefeld filter. With phenol red the reaction of 
the fluid proved to be about pH 6.5. It was stored at — 5° to — 8°C. in pyrex tubes 
capped with rubber corks; and just prior to use a tube was thawed and diluted 
with TjTode to per cent or 1 per cent, depending on its activity. No impor- 
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(Text-fig. 2). The bottoms of the tubes had been flattened, so that the cells 
might come down in a thin layer; for thej' proved difiicult to resuspend without 
damage when gathered into a mass. Flat discs of rubber and wood at the bottom 
of the centrifuge shells supported the tubes. The cloudy supernatant was drawn 
off through a capillary with a recurved end to prevent sucking up of the sediment, 
which was resuspended in 45 cc. of gel. Ty. for each tube. A drop of the material 
now showed great numbers of rounded, individual cells and occasional small, 
loose, grape-like clusters. Repeated filtrations and pipettings, with the end of 
the SO cc. pipette held against the tube bottom, sufficed to remove or break up the 
latter. Centrifugation was now done as before, for 10 minutes, the supernatant 
discarded, the cells made into a suspension of slightly greater bulk than was 
needed for the experiment; and they were passed again through doubled lens 
paper, examined microscopically, and repipetted and refiltered if necessary. The 
ultimate, somewhat cloudy suspension showed the cells as separate spheres (Fig. 1) 
with, rarely, two or three joined by flat surfaces. Preparations stained with 
Loeffler’s methylene blue were searched for bacteria. They were not always 
absent, since the liberation by tr 3 T}sin of a single, overlooked colony in one of the 
many flasks of each digestion sufficed to contaminate the material. But they were 
found in only three of twelve instances and then in small number. All three in- 
stances happened to be those of experiments selected for detailed report here be- 
cause of their comprehensiveness. In each case the contaminating organism 
proved to be non-pathogenic, as will appear when the protocols are given. 

For some test mixtures the cells were killed by heating a part of the final suspen- 
sion in a water bath at 53°C. for 15 minutes, or by exposing it to ultraviolet light. 
When light was used the preUminary washings and suspensions were carried out 
with p. Ty., the material was put in a flat-bottomed dish, covered with a sheet of 
quartz glass, and exposed to a mercury vapor, quartz lamp placed vertically 
above and 48-50 cm. away. A thick sheet of aluminum under the dish effectually 
conducted heat away during the exposure, the thermometer showing a rise of only 
a fraction of a degree C. at most. The cells killed by heat withstood the subse- 
quent washings well, whereas those rayed for 10 minutes became so fragile that 
some break-up and loss occurred during even the most gentle pipetting. This 
loss did not alter the experimental results significantly as the protocols attest. 
Cells rayed for only 5 minutes stained like dead cells with neutral red, and had 
but a slightly increased fragility. 

Several drops of the ultimate inocula, cells which had been exposed to a virus, 
were examined microscopically just prior to injection, on a slide coated with neu- 
tral red and ringed with vaseline. No secondary clumping of the cells had oc- 
curred. A large proportion of those not heated or rayed segregated the dye into 
vacuoles, showing that they were alive; and the appearance of others indicated 
that they were living but of different sort. Dead cells did not segregate the dye 
or show protoplasmic movement, and their nuclei were sharply outlined. Rayed 
ones were often fragmented or fatty. 
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The virus suspensions were mostly procured by grinding the infected tissue in a 
mortar with gel. Ty. and a little sterile sand. Glyccrinated or fresh vaccinial 
testicle was used, and subcutaneous fibroma procured on the 7th to 10th day of 
growth. A special technique ivas developed to remove cells and particulate 
matter from the extracts. The fluid was first spun slowly, and the supernatant 
was transferred to 15 cc. tubes and centrifuged at high speed for 20-25 minutes 
with renewed transfer and rapid spinning once again. After each centrifugation 
a red-hot monel metal disc fixed on a wire was held above the meniscus until the 
surface layer began to bubble. Cells that had risen to the surface with air or 
fatty material were thus killed. Then the clear fluid from the middle of the tube 
was aspirated through a needle 16 cm. long into a sterile 10 cc. syringe, with due 
care that the needle point did not approach the side of the tube or extend into its 
slanting lower portion. A different syringe and needle was used with each tube, 
and the needle was disconnected while still immersed. The total fluid thus pro- 
cured after the final centrifugation w’as not more than one-eighth to one-sixteenth 
of the original quantity; and hence centrifugation was begun with 100 to 200 cc. 
The ultimate material, searched in thick layer with the microscope, appeared 
free from cells, but showed particles close to the limit of visibility and very occa- 
sional fatty fragments of protoplasm or refractile granules having the same specific 
gravity as the fluid. The virus percentages or dilutions given in the protocols are 
calculated in terms of weight of infected tissue and cc. of extracting fluid. 

In a few experiments the pellucid, supernatant fluid from cultures of embryo 
tissue infected with vaccinia was utilized as the virus suspension. WTien it had 
been “de-celled” in the way just described, it proved highly infective yet appeared 
almost free from particles. Sometimes a vaccinial supernatant was mixed with 
an extract of testicular tissue prior to decelling. None of the virus suspensions 
showed bacteria in stained smears.^ 

The neutralizing sera were procured from rabbits recently recovered from vac- 
cinia, and from others that had been repeatedly inoculated with the fibroma virus 
after disappearance of an initial growth. While the Shope fibroma is still growing 
the blood becomes capable of neutralizing the virus (8), but a first reinoculation 
not infrequently gives rise to a small nodule. Hence the need for further reinocu- 
lations with material of known activity. Bleeding for serum was done only when 
these had yielded negative results. The sera were ordinarily procured 2 or 3 days 
prior to use, — to ensure 'the presence of alexin; and they were centrifugalized 
several times at high speed to remove any cells. Many of our experiments were 
so arranged as to demonstrate the neutralizing capacity of the antisera used; but 
when this was not the case separate tests were done to make sure of it. 

^ Virus suspension as such mixed in equal amount with gel. Ty. sometimes 
gave rise to larger lesions, and in other experiments to smaller ones, than did cell 
materials exposed to more considerable amounts of the same suspension and re- 
peatedly washed thereafter. In one uncharted test with vaccinia the virus as 
such caused no lesions, whereas the cells carrying it yielded large ones. 
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FIXATION AND PROTECTION OF VIRUSES BY CELLS 


the finger. The final inocula shimmered slightly with cells. In one instance in 
which they were unusually abundant, producing a definite cloudiness, an average 
of 610 per c.mm. was found on count. 

Each experiment, from digestion to inoculation, was done in 1 day, and in each 
some of the test materials gave rise to lesions. Their size and character were 
recorded daily until retrogression began. In the charts a broken line indicates 
a more or less well defined, ruddy thickening of the skin, that is to say either a 
beginning lesion or an abortive one. Characteristic Shope tumors and vaccinia 
lesions are recorded in solid black, with hatching where there is vesiculation or 
necrosis. The charts are carried up to the beginning of retrogression only in the 
case of vaccinia, and through the first days of growth in that of the Shope fibroma. 

Comment on the Individual Experiments . — The findings were es- 
sentially the same with the Shope virus as with vaccinia. Charts 1-4 
record them for two experiments \vith each virus. Certain points 
relating to each will be commented upon before they are submitted 
to analysis as a group. A number of less comprehensive tests were 
made which yielded corroboratory findings. 

Experiment 1 (Chart 1) was planned to disclose whether Shope 
virus becomes associated with living and killed cells respectively, 
and whether in such association it is protected against the action of 
immune serum. 

Living and killed cells in suspension were exposed to the virus, and washed and 
turned at 37° with immune serum, normal serum, and gel. Ty. respectively. The 
effects of the sera and of gel. Ty. respectively on the virus material as such were 
tested by injecting into the skin of the upper back 0.2 cc. of fresh mixtures in equal 
parts. The resulting lesions are not charted because of their exceptional situa- 
tion. The virus-gel. Ty. mixture gave rise to lesions in all three rabbits, the mix- 
ture with normal serum in two, but that with immune serum in none. 

Experiment 2 (Chart 2), also with the Shope virus, besides covering 
much of the ground of Experiment 1, was designed to test whether 
antibodies become fixed on killed cells subjected to immune serum 
and are carried over with them into the host, there to neutralize virus 
introduced at the same time. 

Living cells submitted to virus and, after washing, to immune serum in the 
usual way (to neutralize any free virus remaining), were mixed after further wash- 
ings w'ith equal portions of killed cells washed after exposure to immune serum or 
Tyrode only (Inocula E, I, F, J) . The mixing was done just prior to injection, and 
the resulting suspensions were made to the same bulk as the ordinary inocula. 



Pioccduies 


Summary 


3 S 6 7 


13 


1 cc. Liunt Cell Suspension 




{IS) Mucd vath 2 cc. bVc 'inis, left 15 iDjectcd with immune scrum 
min,» nude to 43 cc.. w^hed 4 


iniu.. iiLA'jw ' 

times, 2 nd suspended m immune 
scrum for injection 

(Injection 6:15-^:17 p.m.) 

U) Treated Utc B cic^t that finally Injected with gcl.Ty. 
suspended in gcl.Ty. 


(5:54-5:57 p.m.) 


(E) Sulmitted to virus, washed twice. Rotated with gcl.Ty. 
then rotated 45 min. with 9 cc. 
gtl.Ty. and again washed twice 


(5:50-5:52 p.m.) 


(D) Treated like E except that rotated Rotated with normal serum - 
with 9 cc. normal serum instead 
of gcl.Ty. 


(5:40-5:49 p.m.) 


(C) Treated like E except that rotated Rotated with immune scrum 
w ilh 9 cc. immune scrum instead 
ol gcl.Ty. 

f5:42-5:45 p.m.) 


(n Mitr<l with 42 cc. of 0,4^^ virus, at Submitted briefly to same 
once washed twice, rotated with amount of virus in dUute 
immune scrum, and again washed suspension; then rotated 
twice with immune scrum 


(5:39-5:41 p.tn.) 


1 Cc. UfzttS Cell Suspension 


(7) Treated like E 


llfoied Cells Submitted to 
Virus 


Rotated with gcl.Ty. 


(5:2«-5:30pTn) 


(7) TirMr I lAr /: cirrpt Jim rotalfd I Rouird «ilh 1-.9 ciirturc 
With I rc. nf/rmal serum plus 8 I of oormal serum and gtl. 


(5:25*5. 27 pn) 


(//nrrttrllAr /> 
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Irrslf 1 lAr C 

(f Af -VCl X 
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Procedures 

Summary 
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5 

6 
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7 

8 
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1 cc. Living Cell Suspension 


■ 

1 t I I 1 1 .fi cm. 

K) Doublcportion, washed 4 times 
(Injection 5:41-5:43 p.m.) 

As such (double portion) 

1 

Negative 

A) Mixed with 3 cc. of 10% virus, 
left 15 min,, made to 45 cc.. 

Submitted to Shopc 
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1 

• 

• 

• 

# 

• 
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• 

• 

• 
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B) Submitted to virus like A, 

Submitted to virus and 








washed twice, rotated 50 

then to immune serum 
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• 
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Ueaied Cells 



(D) Treated like A 

Submitted to virus 

2 

O 

o 



• 




3 

— 

- 

- 

% * 

• 

• • 



1 

- 

- 

o 


• 

• 

(6:00-6:03 p.m.) 


4 

— 

— 

— 

— 

ft- 

— — 

(C) Treated like P 

Submitted to virus and 








then to immune serum 



7 

+ 






3 

— 

— 

— 

— 

— 

— — 



1 

— 

— 

ft* 


/ft 

ftft 


(6:56-6:59 p.m.) 


4 





•• 


1 Cc. Rayed Cell Suspension 
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with result that they contained twice as many cells per cc. Many of the cells 
killed hy rajdng (10 minutes) fragmented during the subsequent washings and 
were lost. The experiment was done in the summer, and the control specimen A 
stood with gel.Ty. at a room temperature of 92°F. until the time of inoculation. 

The initial cell suspension showed occasional large diplococci derixdng from the 
trj’ptic digest. Inoculation of double portions of the cell material, after four 
washings like those of the test portions, gave rise to no lesions. The xdrus sus- 
pension alone, in 0.2 cc. amounts, gave rise to large lesions save in Rabbit 4, a 
naturally resistant animal. These lesions are not charted. 

Experiment 3 (Chart 3) records the result of a nearly similar experi- 
ment with vaccinia. 

To test whether scrum antibodies were carried over into the host on killed cells, 
portions of these, washed after exposure to immune serum but not to virus, were 
mixed just prior to injection with other killed cells submitted to vnrus only and 
then washed (Inocula B and 77), with appropriate controls. Two of the test 
rabbits showed generalized pocking on the 6th day after inoculation; and at 
this time of reduced resistance (9) lesions suddenly appeared where the heated 
cells turned with immune scrum after c.xposurc to virus had been injected. The 
other inoculations with killed materials submitted first to virus and then to im- 
mune scrum yielded negative results, as had those of Charts 1 and 2. An oc- 
casional coccus was present in the initial cell suspension; but evidently it was 
non-pathogcnic, since the inocula of living cells as such, and double portions 
of heated and rayed cells unc.vposcd to virus, gave rise to no lesions, while cells 
c.\tioscd to virus gave typical ones. 

In Experiment 4 (Chart 4) tests were made of the influence of time and of virus 
dilution on the fixation of vaccinia upon cells, — points already considered in Ex- 
periments 1 (Inocula 7J and F) and .1 (B and C). To sec whether a preliminary 
exposure of living cells to immune scrum would result in destruction of such 
virus as might become fixed on them later, a portion of them was tumc<l with 
immune scrum, washed, cxpo.sed to virus, and, after renewed washing, was turned 
with more immune scnim (Inoculum 7). 

The cells killed by raying had been exposed for but 5 minutes and were well 
prr.'-ervcd. 


Ivtcrprctdtwv, of the — The charts .show that the inocula 

containing living cells repeatedly washed after exjxistirc to virus gave 
rise regularly to lesions. The inoculation of living cells c.xi>o.>cd 
to vims, rotated with innnune serum, and waslied nl.'-o resullcil in 
h-Mons, and sn too did that of killed cells merely wa.shed after expo- 
sure to vims. On tlie oilier hand killed cells tliat xvere exiveed to 




Procedures Summary 


Living Cell Suspension 1 Living Cells 


(i) Washed i times 

(Injection S:03-5;05 p.m.) 


(4) H cc. mixed with 0.4 cc. 2H% Submitted to virus 
virus IS min., thus diluting 
virus to 1.11% (or 1:90), made 
to 4S cc. with gel. Ty. and 
washed 4 times 


2 3 4 5 6 




(S:14-S; 16 p.m.) 


(B) cc. mixed with virus IS mm.. Submitted to virus, then 
diluted to 4S cc. and washed to immune serum 


twice, mixed with 9 cc. im- 
mune serum, rotated 1 hr., and 
washed twice 

(S:ll-S:13 p.m.) 




(C) Same as JJ except 0.4 cc. virus was Submitted to same amount 
madeto4Scc. with gel. Ty. be- ofvirusindilutcsuspen- 
fore addition of cells = cells sub- sion, then to immune 
mitted to 0.02 % virus ( 1 : 5000) serum 
(5:08-5:10 p.m.) 


Heated Cell Suspension 


(G) Double portion (1 cc.) washed 4 
times (5:19-5:21 p.m.) 


Heated Cells 


Double portion as such 



Negative 


(£) yi cc. treated like A (submitted to 
virus and washed 4 times) + 
yi cc. washed twice 

yi cc. submitted to virus -p 
yi cc. as such 

(5:28-5:30 p.m.) 


(D) yi cc. treated like A -f- ^ cc. ro- 
tated 1 hr. with_ immune scrum 
and washed twice 

yi cc. submitted to virus -j- 
yi cc. submitted to im- 
mune serum 

(5:32-5:34 p.m.) 


(.F) yi cc. mixed with virus like A but 
washed only twice, then ro- 
tated 1 hr. with immune serum 
and washed twice + yi cc. 
washed twice 

(5:25-5:27 p.m.) 

yi cc. submitted to virus, 
then immune scrum -j- 
yi cc. ns such 

Rayed Cell Suspension 


(A') Double portion washed 4 timest 

1 Double portion as such 



(7) cc. treated like A + H cc. 
washed twice 


(5:50-5:52 p.m.) 


(77) M cc. treated like A -1- H cc. ro- 
tated 1 hr. with immune scrum 
and washed twice 


(5:46-5:48 p.m.) 


(/) H cc. mixed with x-irus like A but 
washed only twice, then ro- 
tated 1 hr. with immune serum 
and washed twice 
(5:44-5:46 p.m.) 


M cc. submitted to virus -f 
yi cc. as such 


cc. submitted to virus -f 
H ec. submitted to im- 
mune serum 


}i cc. submitted to virus, 
then immune serum -j- 
H cc. as such 



* Generalized pocking now. t Injection 5:40-5:42 p.m. 
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Procedures 

Summary 





(A) Mixed with 1.0 cc. vims fluid,* 
left 1 hr., made to 4$ cc., and 
washed 4 times 

Subimtted to virus 

(Injection 5:24-5:26 p.m.) 


(C) Mixed with virus fluid like A, 
then washed twice, rotated 1 
hr. with 5 cc. immune scrum, 
and washed twice 

Submitted to vims, then 
to immune scram 

(5:11-5:13 p.m.) 


(B) Mixed with virus fluid only 2 
min., then diluted to 45 cc. and 
treated like C 

Submitted 5nV/y to vims, 
then to immune serum 

(5:07-5:09 p.m.) 


{D) Mixed with a 1:40 dilution of 
snms fluid for 2 min., then 
treated like C and B 

Submitted hrttfly to same 
amount of vims in di- 
lute suspension, then to 
immune serum 

(5:04-5:06 p.m.) 


/) Rotated 1 hr. with 9H CC. immune 
serum, washed twice, and 
treated like C— 6 washings in 
all 

; Submitted to immune 
semm, to virus, and to 
immune semm again 
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(5:42-5:44 p.m.) 
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H Cc. llfsted Cell Suspension 


(U) Treated like A 


(5:52-5:34 pn.) 


IJratfd Cells 


Submitted to vims 


(D TrratnllikeC 


(5:25-S;30pn) 


}i Cc. Ka>rj Cell Su*;^p.s5ont I FoytS Cell* 


((*) Trrate-l like X I Submitted to virus 
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had been lost, as in some instances when treatments with ultraviolet 
rays had rendered them friable (Chart 2, E) or when they had been 
killed before they were submitted to neutralizing serum. The differ- 
ences in the results with living and killed cells exposed to such serum 
cannot be laid to a carrying over into the final inocula of the serum as 
such. 

The fixation of virus on the cells took place rapidly. 

In Experiment 1 (Chart 1), 1 cc. of living cell suspension was mi.xed with 42 
cc. of a 1 in 21 dilution of 8 per cent Shope virus (0.4 per cent virus) in a tube al- 
ready balanced for centrifugation; and this was forthwith spun at low speed for 
10 minutes with another tube in which the same quantity of cell suspension had 
been standing with 1 cc. of 8 per cent virus for 15 minutes prior to dilution to 
0,4 per cent just before the spinning. After the usual two washings both cell 
portions were exposed to immune serum and washed twice again. The}' gave 
identical results on Inoculation (Chart 1, C and F). In E,xperimcnt 4 cells that 
had stood with virus for 2 minutes prior to washing and exposure to immune serum 
gave lesions as large as those that had stood for an hour (Chart 4, B and C). 

The virus suspensions were free from particles that could be readily thrown 
down with the centrifuge. Nevertheless several tests were made to sec whether 
fixation occurred while the cells were in suspension, or whether it was due to wrus 
caught between the tube bottom and the sedimented cells with result that it be- 
came attached to them. In the latter case cells that had stood with a dilute virus 
suspension should have yielded as large lesions as when they had stood with virus 
not diluted until just before the tubes were spun. In one instance just discussed 
the two specimens did give identical results. In two other tests, however, (Chart 
3, B and C; Chart 4, B and D) the lesions from cells that had stood with virus 
already diluted were the smaller. The conditions did not permit of great virus 
dilution, and no more considerable differences in result could have been c.xpcctcd 
than were encountered. 

While the test mi.xturcs proper were rotating with scrum in the incubator, the 
control of living cells merely exposed to virus and washer! was in most instances 
let stand at room temperature, the object being to minimise the dete.rioration of 
virus that takes place in salt solutions. In Experiment 1 (Chart 1, .4 and A) 
the effects of these procedures on the Shope virus were compared and no dificrcnce 
was found. (Sec also Chart 7, A and B.) In the case of sweeinia, however, the 
control lesions were decidedly the larger. No great difference v.-as ob'c.'verl in 
experiments yet to be described, with cells long exposed to vaccinia in tis'-ue cul- 
tures (Chart 5, .•! and D; Chart 9, B and C). It .'■cems probable that in tlic prc-'e.nt 
instances of brief exposure to the virus, some of it was so loosely f].vc<l as tn have 
been still accessible to the immune scrum, or else it was dislodgeil during tlie turn- 
ing, l',iix'>5’,!rc of t})c virus to ,'7° during the period of turning cannot have l>e<n 



6^1 










OX'E'^ 




0'S 




X5S^^ 


■&S. 


c:s^^'^ 


^C\vatts 3 


53“ 


lot 


^5 


\\aA 


aMcvost 


eftect 


upo^ 


it 




t\veTe^° 

COt^' 


VJOM 

jideia' 


Jdappa.-- 


dbliaflV 

Yiava (jtda 

oiSb^aesto^* 


6.rro-, 






9-) t>e 




vfas Tcvattes 


"“^'^S«>oa^-Sroi--n:IoOaet 


dead«‘^“ ,obe 

i^r^edta®- 


xs 


qvia’ 




T:\ve assc 


WvvtvS*" 
to 


.**»'^‘;;vebe®:;;A.euts 


ijdxo^^V 




‘■^„^dead 


’S>bset«*--i.B,a» 


Q^ t\ve 


r,e^\S' 


ass^' 




tde deas 


ta 


.gifted 


eV.tV-.^'f AV. ^ at.d and 




TO 


Miao 


,a5. 


■ydUod 




aae 


xatess ^ ^-^^itd- 




ot^xCt 


taete^^ _pd^^^ ,.AaUW ..uc.asa- , ^^^tvdaaW -p-^a^voa^f 


;daTa 


a 


.nd *e 

in- 


ced^ 

\es' 


tata* 


ta 




eatta^ 


uUatag 




dw 


^dodv^^’^irct w't^resa^^ 
° doe^ ''ifasiaP’^r XiVv 


to 


ao 


setatt^ 7;_ aWv^’ ' tetta^- ..e 


dead 


^id\eOt^es. 

{vviag 


to Taag^^f^_.^j, ce^\a 


to 


It 


vjas 



^^rying- th^ . ^=>-rER, Ai^ S c 

-^^6 tie Viruses o^ • . ‘ ®^Ack- 

^act TviU be rnn -i ® Ejected fn^ * 1 . <5/3 

*scn- 6 ed. '“"‘er im.„.e sen,, j,. 

Of ejqjeriment.; n 

or ., 3 „, 

of - -'0" 

/“‘described "f •“^f °‘' ""yectmfrt ‘’^ ®o«ti„g cell^"®" ’"'“■ 

‘7;‘- --- :u^f?,r " - 

«s»al toS"'" '^‘'""„.-c„„„ “ of 

SSS^?S='!SS§S‘ 

^n;cc(;ons of fhf!, ‘=''ery 2-3 h, ^ ‘^ontainin. en,h J *^^turcs «•„ 

*!>”rif,s® V" ’"MOv' !'''"”'«i'“,IS“//'"!'«< h iarse 

'iSl^lSgSSSS: 


of 


«.r,:TJ'““' “ 'o » - i. d- "‘"'’"d 

SS^SlBSiB^SSr^ 

*“WL’«jor>«: u, ~* 

••- , /iov.pvrr 



674 


FIXATION AND PROTECTION OF VIRUSES BY CELLS 


they ruptured at the moment when water evaporated from about them. Pres- 
sure on the cover-glass also caused them to rupture, forcing out a single, round, 
highly retractile globule from a thin, transparent, wrinkly sac, probably the re- 
mains of an enveloping cell. The globules thus obtained looked precisely like 
the fatty ones that could be pressed out of degenerating culture cells, and they 
readily dissolved in alcohol and ether. When dried bodies were subjected to 
these reagents there was left only the sac. Morosow’s stain colored them a 
homogeneous yellow like the cell fat, not black like the particles described by 
Paschen. Altogether the evidence indicates that we were dealing with the met- 
abolic products of cells injured by the virus, a view supported by the very occa- 
sional recovery of elements of identical appearance and behavior from cultures 
uninfected with vaccinia. 

Character of the Experiments . — ^The methods were those already described. 
The digests of eight to ten cultures were pooled, and the freed cells were separated 
from the tissue fragments by filtration, twice washed, and suspended for test. 
Debris was practically absent from the ultimate suspensions, and neutral red 
showed nearly all of its cells to be alive. Heating at 53° for 15 minutes was 
ordinarily used to kill them. The heat affected the virus little if at all (Charts 5 
and 6). 

Tests were made to see if the washed, living and killed cells carried virus, and 
whether they protected it from the influence of neutralizing serum of proven 
potency. 

Comment on the Findings . — The experiments yielded consistent results. Charts 
5 and 6 of Experiments 5 and 6 record their outcome in two typical instances. 

Living culture cells that were twice washed with 45 cc. of gel. Ty., — in addition 
to the several washings incident to preparation of the suspension, — regularly 
gave rise to characteristic vaccinial lesions. When they were also exposed to a 
neutralizing serum the lesions were almost as large; and so too when they were 
killed with heat and then washed. Cells subjected to immune serum, washed, 
and killed with heat, produced lesions that were slightly less marked, though 
characteristic, — ^as if the slightly detrimental effects of heating and of immune 
serum had been added together. In pronounced contrast were the almost com- 
pletely negative results with cells killed ivith heat prior to exposure to serum. 
Either they caused no lesions or small nodular ones appearing late. 

The persistence of free virus and of neutralizing antibodies, as influencing the 
outcome of the tests, can be excluded on the same grounds as in the experiments 
already described (q.v.), and so too can the possibility that serum antibodies 
became fixed on the dead cells and were carried over into the host, there to neu- 
tralize the virus introduced with them. 

The experiments show that vaccine virus was carried by the culture 
cells, and was so closely associated with them as not to be removed by 
washings and pipettings, even after the cells had been killed by heat. 




Summao’ 


/ Cc. Cell Suspension from Vaceinid Cultures Vacctntal Cells 


(B) Washed twice and suspended in immune Injected with 
scrum for injection* immune 

(Injected 3.S2-3.SS p.m.) serum* 


(d) Washed twice and suspended in gel.Ty. Inj'ectcd with 
for injection gel.Ty. 


Negative throughout 


(3:58-4.01 p.m.) 


(C) Heated tt 53* for IS min., washed twice, Killed with 
and injected heat and 

washed 




o 1 


1 J 

■ 





^ J 

% 


(3:42-3:45 p.m.) 


(D) Rotated 1 hr. with 9 cc. of immune scrum Cells rotated 
and washed twice with immune 

serum 




(3:35-3:38 pm.) 


(K) Treated like D and heaUi at 53* for 15 
min. juit prior to injection 


Rotated with 
intcaunc sc- 
rum and 
killed with 
beat 


(3:29-3:31 pjn ) 


(f) Ifeal/3a>waiC.rotatHtn 9cc. Immune Cer« kHIed 

serum and washe-J l*;cc heat and 

rotated with 
immune ar- 
rum 





























Procedures 

Summary 

Rah 

2 

Days 

3 4 6 

1 Cc. Cell Suspension from Vaccinial 
Cultures 

Vaccinial Cells 


1 1.1 1 1 15 cm. 

(B) Washed twice and suspended in immune 

Injected with immune 

2 

— 

. « 

serum for injection* 

serum* 

4 

• 

O '.7 O 



3 

• 

• C - 

(Injected 4:34-4:37 p.m.) 


1 


• o - 

(A) Washed twice and suspended in gel.TV. 
for injection 

Injected with gcl.Ty. 







••« 




# e 0 ® 

(4:27-4:30 p.m.) 


1 

\ ) 

9 ^ 

(C) Heated at S3** for 15 min, and washed 
twice 

Killed with heat and washed 


• •09 





••t 




• 


(4:23-4:26 p.m.) 


1 

1 i 

# i0 t 

(D) Rotated 1 hr. with 9 cc. immune serum, 
and washed twice 

Rotated with immune 
serum 

2 

0 

0 0 • 



4 

• ••$ 



3 

0^00 

(4:18-4:21 p.m.) 


1 

1 A ' 

' ^ J 

• •• 

(E) Treated like D and heated at 53° for IS 

Rotated with immune se- 




min. just prior to injection 

rum and killed with heat 


# 

# S a* 




% 






• # O 

- (4:12-4:15 p.m.) 


1 

• 0' 


(F) Heated as was C, rotated with 9 cc. im- 

Killed with heat and ro- 

■ll 



mune serum, and washed twice 

tated with immune serum 

2 


O •% o 



4 

H 

1 o oo 



3 

n 

# • - 

(4:04-4:10 p.m.) 


m 

mOL 

^ 

• 0 


• All other final suspensions were made with gel. Ty. 

Chart 6 
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The immune serum failed to affect the virus associated vdth Ihdng 
cells, whereas that associated with killed cells was neutralized by it. 

The Cultures Containing Shape Virus . — ^To obtain the Shope virus in cultures 
the hashed tissue of young, growing fibromas was cut up and implanted precisely 
as was rabbit embryo in the work with vaccinia. Large, individual cells moved 
out early from the tissue bits and occasionally entered the supernatant fluid in 
considerable number. They segregated neutral red promptly in granules of 
highly various size and had the general appearance of clasmatocytes. After the 
first 2 or 3 days elements of fibroblastic type began to extend out in strands, which 
were fairly numerous by the 6th or 7th day. Only when this had happened were 
the cultures digested. 

Character of the Experiments . — Some early tests were directed to determining 
whether the wrus responsible for the fibroma was present in the supernatant fluid 
of the cultures and in the fluid portion of the try^ptic digest. As a rule these mate- 
rials were decelled and 0.2 cc. was injected. 

The suspensions of culture cells were procured as in the case of vaccinia. Heat- 
ing to 53° for 15 minutes, or raying for 5 minutes rendered the v-irus inactive, 
and hence could not be utilized to kill the cells. Water was employed instead. 
The cells from standard portions of well washed suspension were thrown down, 
resuspended in 2 or more cc. of twice distilled water, and allowed to stand for 56- 
00 minutes at room temperature, the controls meantime standing in the same 
amount of gel.Ty. As result the cells became greatly swollen, and the staining of 
the nuclei with neutral red showed that they were dead. They did not completely’ 
return to normal size when isotonicity was restored by washing them in an excess 
of ordinary' gel.Ty'. or by adding in appropriate quantity “triple” Tyrode, — a 
solution containing the salts of Tyrode in triple strength; and they tended to 
fragment when washed, necessitating longer centrifugations than usual to pre- 
vent loss. The gel. Ty. controls were centrifuged at the same time. Each of the 
ultimate materials was made to a bulk of 0.7-0.75 cc., and three rabbits were in- 
jected with 0.2 cc. of this. 

Comment on the Findings . — Chart 7 portrays the results of an orienting experi- 
ment, E.xpcrimcnt 7, typical of several of the sort. The supernatant culture 
fluid contained living cells of makrophage tyyic in fair number. It was inoculated 
as such, whereas the fluid portion of tlic tryptic digest was decelled prior to inocu- 
lation. The suspension of washed culture cells was divided into three portions of 
1.2 cc., of which one was let stand in gel.Ty. at room temperature, while the other 
two were rotated with gel.Ty. and with immune serum respectively for 2 hours 

nic three cell materials all gave rise after approximately the same time to 
ch.aractcristic tumors which grew at the same general rate. The tryptic digest 
fluid on the other hand caused a lesion in but one animal, and this consisted of 
.several !.m.ali. shotty growths ap, 'Tearing late and coalcf-cing. ’The supernatant 
from the CTilturcs gave rise late to more numerous growths of the same sort 
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They were scattered over an area of several cm. on the rabbit’s side, but have been 
charted close together to save space, a procedure employed in some of the other 
chartings also. 


Procedures 

Summary 

Rab. 

Days 

7 9 14 23 

Cells from Shape Culture 

Shape Culture Cells 

■■ 

1 1 I • ■ .S 5 cm. 

(A) Suspended in 1.2 cc. gel. 
Locke’s and let stand 

2 hrs. at room temper- 
ature 

Cells let stand at room tem- 
perature 

3 

2 

1 

••• ^ 

(B) Rotated 2 hrs. in 10 
cc. gel. Locke’s, twice 
washed, and made to 
1.2 cc. 

Cells rotated with gel. Locke’s 

1 

- 

(C) Rotated 2 hrs. in 10 cc. 
immune serum, twice 
washed, and made to 
1.2 cc. 

Cells rotated with immune 
serum 

•3 

2 

1 

090 0 

000 + 

(D) Decelled fluid from 
tryptic digest 

Decelled fluid from tryptic 
digest 

3 

2 

1 

- - 0 ^ 

0 ~ 

(E) Supernatant fluid from 
cultures* 

Supernatant* from cultures 

3 

2 

1 

- .f-i - 


* Contained some inwandered cells. 
** Measured on 8th day and e.xcised. 


Chart 7 


Experiments 8 and 9 (Chart 8) were more extensive. The supernatant from 
the cultures was decelled in both cases. In each it had been only 2 days on a 
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culture 4 days old. It gave rise late to nodules that tended to be small, scattered, 
and shotty, as did also the decelled tiyptic supernatant. In Experiment 9 this 
contained some bacteria, evidently from a colony overlooked in the examination 


Procedures 

Summary 

Rab. 

Experiment 8 

Days 

3 S 9 

Rab. 

Experiment 9 

Days 

4 6 S 

Cells from Hhope Culture 

iShope Culture Cells 

^■1 

1 ... 1 1 I Bm 

1 

1 t I I l-IficCL 

{A) Made to 0.7 cc. with gel. 
Ty.* and allowed to stand 
45 min. at room tern* 
peraturc 

Allowed to stand in 
gel.Ty. 

H 

mM 

1 

3 

! 

2 


(B) Placed in 2 cc. H-0 for 45 
min., then in excess of 
gel.Ty., and washed once 

Killed with HjO and 
washed 

1 

3 

2 

1 

• • • 

- O # 

1 

3 

2 

*• 0 © © 

■ G 9 9 

* o ^ ^ 

(C) After 45 minutes in 2 cc. 
gel.Ty. 8 cc. immune se- 
rum added, with rotation 

1 hr.; then washed twice 
and treated like B 

Rotated with im- 
mune serum, killed 
with and 

washed 

3 

2 

1 

• • • 

o c? e 

1 

3 

2 

" o © © 

’ • © © 

T O •* 

(D) After 45 minutes in 2 cc. 
HjO 8 cc. immune serum 
added, with rotation 1 hr. 
and 2 w*ashings 

Killed with HjO, ro- 

tated with Im- 
mune scrum, and 
washed 

3 i 
2 

1 

^ Q Q 

• 

- - • 

! 1 

3 

2 

‘ • o © 

- i> ,o «• 

- m » 

(H) Decelled fluid from ti^plic 
di/;est mixed in equal part 
with gel.Ty. 

Decelled fluid from 
tr>’piic digest 

3 

2 

I 

- - 

- o • 

- - 

1 


(P) Decelled supernatant cul- 
ture fluid 

Decelled supernatant 
culture fluid 

3 

2 

1 

- 0 ^ 

o 

- - + 

■ 

- o # o 

(CJ Cells from supernatant cul- 
ture fluid 

Cells from superna- 
tant culture fluid 

3 

2 

1 

im 

1 



• Uhinutc amount of all inocula in Experiment 8, 0.7 cc., in Experiment 9, 0.75 cc. 


Chart 8 


of the cultures; but these were non-pathogcnic as the outcome of the inocubtions 
attested. The cells collected from the supemat.mt of Experiment 9 during the 
decclling were relatively few and of m.akroph.agc tx-pc; yet they gave rise, after two 
washings, to discrete, small growths like the larger ones resulting from the culture 
cells proi>er. In each experiment one portion of the latter was allowed to stand 





































Procedures 


1 Cc. Cell Suspension from Vaccinial 
Cultures 


(A) Washed twice after standing 45 min. in 
gel.Ty. 


(Injected 4:25-4:27 p.m.) 


(B) Killed with HaO,* made isotonic, and 
washed twice 


(4:28-4:30 p.m.) 


(C) Rotated 1 hr. vdth 8J^ cc. immune serum 
washed twice, killed with HiO, inade 
isotonic, and again washed twice 


(7:03-7:05 p.m.) 


(D) Killed with HaO, made isotonic, rotated 
1 hr. with 2 cc. immune serum and 
cc. gel.Ty. 


(5:52-5:54 p.m.) 


(£) Killed with HaO, made isotonic, rotated 
1 hr. with 8)^ cc. immune serum, and 
washed twice 


(5:47-5:48 p.m.) 


Summary 


VocctniaJ Culture Celts 


Washed after standing 


Killed with HaO and 
washed 


Rotated with iminune 
scrum and killed 
with HaO 


Killed with HaO and 
rotated with dilute 
immune serum 


Killed with water and 
rotated with immune 


Rab. 


Experiment 10 
Days 

4 5 


I I 1 t. I 1 5 cm. 





o 


0 

% 



e 


0 0 



o 


C? 


9 




1 


• Cells thrown down, suspended in excess of twice distilled water (3.2 cc.), let stand 45 minutes at 
room temperature, and brought to isotonicity with triple strength p.Ty. 

Chart 9 
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in gel.Ty. after washing, while another was submitted to water and later washed 
in an excess of gel.Ty. to restore tonicity. These two specimens, the one of liv- 
ing, the other of killed and somewhat fragmented cells, gave rise to lesions of 
practically identical size, ruddy projecting growths that appeared in 3 or 4 daj’s, 
grew vigorously and were soon capped by a broad vesicle. The third cell por- 
tion, submitted to immune serum of high potency and then washed, water-killed, 
and washed again, yielded only slightly smaller lesions, appearing somewhat more 
slowly. In marked contrast were the findings wheil the cells had been killed 
with water prior to contact with serum. This material was not washed so often 
as that just mentioned and it reached the final suspension in at least as great 
quantity; yet it gave rise to poor growths that appeared late. 

The importance of the bodily condition of the test animal on the development 
of Shope lesions is illustrated in Chart 8. One of the rabbits (No. 2 of Experi- 
ment 9) developed diarrhea shortly after inoculation, and losing weight rapidlj', 
died on the 10th day. Only the more virulent of the inocula caused recognizable 
lesions in this animal; and they remained so small as to afford few contrasts. 
Rabbit 1 also afforded few contrasts, but that was because nearly every inoculum 
caused a large growth. 

In Experiment 10, one of several in a group apart, water was used to kill 
vaccinial culture cells, and isotonicity was restored bj' adding triple Tyrode 
prior to the addition of serum. As Chart 9 shows, the material killed with water 
and washed gave rise to smaller lesions than did that which had merely stood in 
gel.Ty. The lesions were pronounced and characteristic, however, hlaterial 
turned with immune serum, washed, killed, and washed twice again j'ielded le- 
sions nearly as large, whereas that killed prior to rotation with immune serum 
(with omission of two washings) had but little pathogenic effect. 

Ihc individual cells procured by digestion from cultures of the 
Shope fibroma carried the causative virus. Indeed it was almost 
wholly localized to the cells, very little being free in the supernatant 
culture fluid or even in the decellcd tiy^ptic digest (Charts 7 and 8). 
Repeated washing of the living culture cells, followed by e-xposure to 
potent immune serum in vitro, failed to remove or neutralize the virus 
associated with them, ^^^len killed cells were e-xposed to the serum, 
however, the virus was rendered ineffective (Figs. 2 and 3). Re- 
peated washings in gel. Ty. had no evident effect on the virus 
associated with the killed cells. 

^ TIic lesions producc<l by the culture cells and the supernatant fluids rcspec- 
ti\c >.'>\crc sipiificantly different, although the areas of skin infiltratc<l by the 
injection vcrc of the same si.rc. When cither lisn'ng or dead cclLs had hre.n in- 
tro uced the tumor dcvclojied as a solitary, spherical or discoid mass at the p<-int 
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wherever it deprives itself of the protection of cells by killing them. 
Thus in due course the disease is overcome, though the virus itself 
may persist in occult form in association with cells that it does not kill. 
Conditions are somewhat different with the Shope fibroma. Shope 
reports that the growth continues to enlarge for some time after neu- 
tralizing antibodies for the virus have appeared in the blood. Possibly 
the cells affected by the virus ultimately degenerate and no longer 
protect the virus from serum antibodies of mounting potency. The 
histological changes in retrogressing Shope fibromas support this 

supposition. . , , j. 

Some features of the behavior of the Shope virus have been dis- 
closed incidentally to the work. Like the agent causing Chicken 
Tumor I, the virus is relatively ineffective in sick or undernourished 
hosts, causing small growths or none at all. If the condition of the 
animal improves soon after the inoculation there may be a late ap- 
pearance of fibromas. Young animals are the most favorable to the 
growth’s enlargement, as in the case of many neoplasms. The virus, 
like that of Chicken Tumor I, is killed by slight heating, but unlike it 
is rapidly inactivated by ultraviolet light. In our experience adding 
kieselguhr to a Shope virus suspension does not increase and may 
interfere with its effectiveness to cause growths, whereas it greatly 
aids the agent producing Chicken Tumor I. The latter virus is 
regularly present in abundance in the supernatant fluid of cultures of 
the tumor tissue, whereas the fluid from cultures of the Shope fibroma 
is almost completely innocuous. 

The injurious effects of vaccinia on the cells of tissue cultures in 
which the virus is under propagation seem not to have been observed 
before. Traub has recently reported that cell damage occurs when 
pseudorabies virus (32) is cultivated with tissue in vitro. The curious 
bodies appearing in vaccinia cultures merit further scrutiny. 

SUMMARY 

Methods were developed for a study of the relations existing between 
viruses and living cells. It was found that vaccinia and the virus 
causing the infectious fibroma of rabbits (Shope) rapidly become fixed 
upon tissue cells freed as individuals and submitted to virus in sus- 
pension. This happens whether the cells are alive or have been killed 
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EXPLANATION OF PLATE 31 

Fig. 1. Suspension of living cells as prepared for exposure to a virus. A few 
minutes before the photograph was taken a drop of the suspension was placed on 
a slide coated with neutral red. The cells that appear dark have already segre- 
gated the dye. Xl30. 

Figs. 2 and 3. Shope lesions on sides of Rabbit 1 of Experiment 8 (Chart 8), 
photographed on the 17th day. The skin is marked with dye below the site of 
each injection. P = rump of the animal. 

The inocula were: — A, cells washed in gel. Ty.; B, cells killed with water and 
washed in gel. Ty.; C, cells rotated with immune serum, killed with water and 
washed; D, cells killed with water, rotated with immune serum and washed; 
E, deceUed fluid from tryptic digest; F, decelled supernatant fluid from the cul- 
tures; G, cells from the supernatant fluid. F and G gave rise late to scattered, 
shotty nodules, and one developed several centimeters below the main growth 
caused by E. Xj^. 
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ENCEPHALOMYELITIS ACCOMPANIED BY MY’ELIN 
DESTRUCTION EXPERIMENTALLY^ 
PRODUCED IN MONKEY^S 


By THOMAS M. RIVERS, M.D., and FRANCIS F. SCHWENTKER, AI.D. 

{From the Hospital of The Rockefeller InstUide for Medical Research) 

Plates 32 to 34 

(Received for publication, Januarj' 31, 1935) 

The etiology of the encephalomyelitis accompanied by demyelina- 
tion that occasionally follows antirabic vaccination (1-4) and certain 
acute infections, c.g. vaccinia and measles, has been the source of 
many discussions, and the cause of the malady is still not definitely 
known. The fact that large amounts of heterologous brain material 
are injected into patients undergoing antirabic vaccination, has in- 
duced certain investigators (1, 5) to consider this procedure responsible 
in some manner for the changes found in the central nervous system 
of those who become paralyzed. Indeed, a few workers have been 
able to produce paralysis in rabbits by means of repeated injections 
cither of heterologous brain tissue (5, 6) or of autolyzed homologous 
brain material (7). In spite of the fact that paralysis can be caused 
in rabbits in this manner, investigators (6, 7) have been unable 
to demonstrate lesions in the nervous system to account for its 
occurrence. 

Rivers, Sprunt, and Berry (S) have reported that they observed an 
encephalomyelitis with myelin destruction in 2 of S monkeys that had 
received repeated intramuscular injections of aqueous cmul.'^ions and 
alcohol-ether extracts of normal rabbit brain. Inasmuch as dc- 
myclinating maladies occasionally occur spontaneously (9-15) in 
monkey.s, these workers thought it best not to draw any ilefinite con- 
chi.sions concerning the relation of the injections to the production of 
the encephalomyelitis in the monkeys. The investigations have been 
continued, and at the present time we shall pre.'-ent the results of an 
experiment that seems to indicate that the rej>eated intramuscular 



690 


EXPERIMENTAL ENCEPHALOMYELITIS 


injections of aqueous emulsions and alcohol-ether extracts of rabbit 
brain into monkeys are in some way related to the occurrence of the 
lesions found in the central nervous system. 

Methods and Materials 

Monkeys. — ^AU monkeys {Macacus rhesus) used in the experiment were healthy 
and approximately half-grown. 

Fresh Aqueous Eimdsions of Rabbit Brain. — The fresh aqueous emulsions of 
rabbit brain were prepared in the following manner: One normal rabbit brain 
was thoroughly ground with alundum in a mortar. 40 cc. of Locke’s solution 
and 10 cc. of 95 per cent alcohol were added. Then the emulsion was centrifuged 
at speed 5 for 3 minutes. 3-5 cc. of the supernatant material were injected intra- 
muscularly into each monkey. Fresh emulsions were made for each set of inocu- 
lations. The sterility of the materials employed was tested by means of cultures. 
It is fully realized that a certain percentage of the normal rabbits used may have 
had the spontaneous encephalitis that is found in rabbits of this countr 3 \ 

Alcohol-Ether Extracts of Rabbit Brain. — ^The brains of 4 rabbits that had been 
exsanguinated were removed and thoroughly ground without an abrasive in a 
mortar. This material was then placed in a large flask and extracted for 4 daj's 
at 37°C. with 300 cc. of 95 per cent alcohol. The alcohol was drawn off and 
saved. Then 300 cc. of ether were added to the brain tissue and extraction was 
allowed to take place at 37°C. for 6 days. The ether was removed and allowed 
to evaporate under the influence of heat and vacuum until only 20 cc. of a “soapy- 
looking” material remained. To this material were added the 300 cc. of alcohol 
with which the first extraction was made. The soapy-looking material went into 
solution. By means of heat (70°C.) and vacuum the volume of the mixed extracts 
was reduced to 150 cc. The concentrated alcohol-ether extract was stored in a 
cold room kept at 0°C. At this temperature a white waxy sediment appeared in 
the extract; but when the temperature of the extract was raised to 70° or 80°C. 
the sediment again went into solution. For the injection of each monkey 1 cc. 
of the alcohol-ether extract heated to 70-80°C. was added to 3 or 4 cc. of sterile 
distilled water. The resulting mixture consisted of a milky-looking fluid with tlie 
appearance of a Wassermann antigen. 

Injections of Brain Emulsions and Extracts. — The brain emulsions and extracts 
were repeatedly injected intramuscularly in monkeys, the animals usually re- 
ceiving 3 inoculations a week consisting either of 2 emulsions and 1 extract or of 
2 extracts and 1 emulsion. The animals at times were allowed periods of rest 
during which no inoculations were given. An occasional animal developed an 
abscess at the site of inoculation and while the abscess was present the injections 
were discontinued. The schedule of inoculations for the group of monkeys is 
summarized in Table I. 

Housing and Feeding of Monkeys. — 2 monkeys were kept in each cage which 
was large enough for exercise. The cages were in a large well ventilated room. 


p, SCH\\^NTKER 


691 


nOHAS M, BIVBKS A® .EAKCK T. 

Th^aAimal.— 

milk for supper. At umes r<i 

”“td« JXofs id&U. .^oL .0 

u.e ..epao. .a. .. ». 
and on 4 of the control animals, .j^^.ion broth, and aerobically on 

cord were stained with hematoxy '" .-^;^ 2 j. -\Voltcr’s modification of ^^ cigcrt s 
Marchi’s method, and according to b-uls y 
myelin sheath stain. 

experimentai. 

The experiment reported in brain 

whether injections of described by Rivers, Sprunt, 

had any causal relation to the lesio d ^ used in their 

and Berry (8) in the nervous systern ° ^^^/^.peated intra- 
work. Eight monkeys {Macacus j^lcohol-e^ther extracts 

muscular injections of aqueous em . j according to the direc- 
of normal rabbit brain made an a (IfacaciiJ rhesus) were 

lions detailed above. Eight other with 

kept as controls in the same room exception that 

those to wdiich the test animals ^^resu^^^^^^^^ 

they received no injections. Th „„,i,pr after which follows 

appear below in detail under the “"'‘T” sections of the nenous 

a description ot the lesions observ c ■ lesions iound 

system. It would be repetitious to f ''f'^elianEC occurred 

in each monkey because the saiiie type o! pathological change 

in every animal that becsamc sick. 

r.-Oa nrc. 29, tP.t.t, Monkey S. 

cording to the schctlulc in 1 able I. exhibit . ig > rot-ted v. itliout app-ircnt 

Ihc right than the left shoulder. The Terr.p, irOA'F. 

dieromfort to the animal. ITie ..../vxl.l meare to the right. 

On J.an. 2, 1V.'4. the at.axia was more marl.c<i, i..c . 



692 


EXPERIMENTAL ENCEPHALOMYELITIS 


and at times the chin rested on the shoulder. Temp. 102.2°F. The monkey 
received its 45th injection. Jan. 3, temp. 101.6°F. Jan. 4, the monkey although 
eating fairly well showed loss of weight. The ataxia had progressed to the 
extent that the animal was unable to move about without holding to the sides 
of the cage. Temp. 102.4°F. The animal received its 46th injection. Jan. 5, 
temp. 101. 8°F. Jan. 6, the monkey was much weaker and more ataxic. A 
definite strabismus of the eyes was noted. Inasmuch as it appeared that the 
animal would not live much longer, it was sacrificed. While the monkey was 


TABLE I 

Schedule of Injections Received by Monkeys during 1933-34 



w indicates that the monkeys received aqueous emulsion of rabbit brain, 
a indicates that the monkeys received alcohol-ether extract of rabbit brain. 
Eight monkeys received injections. Some became paralyzed sooner than 
others: 4 received 85 injections; 1 received 80; 2 received 62; 1 received 46. 

under ether anesthesia and before it was killed, a cisternal puncture was made. 
Clear fluid with 220 cells per c.mm. (40 per cent polymorphonuclear and 60 per 
cent mononuclear elements) giving a doubtfully positive Pandy reaction was 
obtained. 

Necropsy . — No evidence of tuberculosis was found. All of the organs except 
the lungs, which showed a slight amount of consolidation at the edges of some 
of the lobes, appeared approximately normal. The brain and cord exhibited no 
lesions to the unaided eye. Anaerobic and aerobic cultures made from different 
parts of the cerebrum and cerebellum in meat infusion broth, and aerobic cultures 
on Sabouraud’s medium remained sterile. Half of the brain was fixed in Zenker- 
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formol solution, the other half in 10 per cent formalin. Acid-fast and Gram- 
Weigert stains of sections of the central nervous system showed no fungi or bac- 
teria, Hematoxylin and eosin, Giemsa, Jlarchi, and modified Weigert stains 
showed typical lesions accompanied by demyelination, which will be described in 
detail later. The meninges particularly in the neighborhood of the cerebello- 
pontine angle were thickened and showed evidences of inflammation. Alany 
lesions, most numerous in the neighborhood of the 4th ventricle, were found in 
the cerebellum and pons. In the cerebrum a slight amount of perivascular 
infiltration was seen in a number of sections, in one of which a large lesion also 
was found near the base of the occipital lobe. 

Results of Animal Passages . — ^Each of 2 monkeys received intracerebrally 1 cc, 
of a 10 per cent emulsion of the brain of Monkey 8. Neither of them showed 
evidences of illness; one was sold 5 months later, the other is still under obser\’a- 
tion, 1 year, and is in perfect condition. Each of 2 rabbits received intracerebrally 
0.25 cc. of the emulsion. Both remained well for 2 months. Then they were 
sacrificed, and, upon histological examination, their brains were found to be nor- 
mal. Each of 6 Swiss albino mice received intracerebrally 0.03 cc. of the emulsion. 
All of them remained well for 2 months after which time they were discarded. 

Monkey 1 . — On Feb. 19, 1934, Monkey 1, that received 62 injections, showed 
ataxia and a right facial palsy. Temp. 101.6°F. Feb. 21, temp. 102.6°F. Feb. 
23, the ataxia and right facial weakness were more pronounced. Drooling from 
mouth was noted for the first time. Feb. 28, the ataxia was so marked that the 
animal moved about with great difficulty. Mar. 1, the animal’s condition was 
about the same. WTiile the monkey was under ether anesthesia, a cisternal 
puncture was made which jnclded a clear fluid with 21 cells per c.mm. (60 per 
cent pol>'morphonuclear and 40 per cent mononuclear elements) and a positive 
Pandy reaction. Then the animal was sacrificed. 

Necropsy . — To the unaided eye the liver, spleen, kidneys, brain, and cord were 


negative. The lungs showed a few very small areas of consolidation. No evi- 
dence of tuberculosis was found. Cultures of the brain and cord for ordinaiy 
bacteria remained sterile. Sections of the organs other than the brain and cord 
showed no lesions of importance. Sections of the brain and cord showed a few 
typical lesions in the cerebrum, and a number in the cerebellum and pons p.articu- 
I.irly around the -tth ventricle. The only changes seen in the cord were brought 
out by the Marchi stain, and consisted of a degeneration of the myelin in the 
anterior part of the cord near the fissure and in one of the lateral bundles. .Acid- 
fast and Gram-Weigert stains revca!c<l no bacteria or fungi in the tbs'ues. 

Rrr.iits cj .Animal Passages . — Each of 2 monkeys received intracerebrally 1 cc. 
of a to per cent emulsion of the brain of Mo.nkcy 1. Both rcm.air.c*! well for 
2 months after which lime they %vcrc discarde<l. F,arh of 2 r.abbits received 
intrarrrcbr.illy 0,2.'' cc. of the brain emulsion, rcm.-.incd well for 2 months, and 
Were then di'.rarded. E-ach of 6 Swiss albino mice received intrr.cerebrallv n O' cc. 
of the hmm cmubion. While under observation for 2 months thev rrm.'-.i.nrif v. r’l 
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myelination in the cerebrum, cerebellum, and pons was demonstrated by means 
of Weigert’s stain. Ivlarchi and Weigert stains showed changes or destruction of 
myelin in the cord near the anterior and posterior fissures and near the surface 
of the cord posteriorly and laterally. 

Results of Animal Passages . — One monkey received intracerebrally 1.0 cc. of an 
emulsion from the brain of Monke 3 ' 2. It remained well for 6 months at which 
time it was used in another experiment. When the animal was sacrificed at the 
end of the experiment all the organs were found to be essentially normal. 

Monkey 3 . — Monkey 3 received 85 injections. On Apr. 4, 1934, a sbght ataxia 
was observed for the first time. May 21, the ataxia has gradually progressed. 
June 7, the animal has become very' ataxic. No definite paralyses were observed. 
The animal was sacrificed for histological examination after a cisternal puncture 
had been made. The fluid was clear, contained 16 cells per c.mm. of which one 
was polymiorphonuclear, and yielded a positive Tandy reaction. 

Necropsy . — Cultures of bits of the brain made aerobically’ and anaerobically 
in meat infusion broth, and aerobically on blood-agar plates, on Sabouraud’s 
medium, and on Petroff’s egg medium remained sterile. All the organs including 
the central nervous system appeared normal to the unaided eye. Stained sections 
of the lungs, testicles, muscle, kidneys, pancreas, liver, adrenals, and spleen showed 
no lesions of importance. Sections of brain and cord stained with hematoxylin 
and cosin, Giemsa's stain, modified Weigert's stain, and Marchi’s stain showed 
typical extensive lesions in the cerebellum and pons. The meninges in the region 
of the cerebellopontine angle were involved. The cerebrum and cord showed few 
if any noteworthy changes. 

Rc.suUs of Animal Passages . — One monkey received intracerebrally 1.0 cc. of 
an emulsion of bits of the brain of Monkey 3 and has remained well for a period 
of 7 months. The animal is still under obscr\'alion. 

Monkey 6 . — Monkey 6 received 85 injections. On Oct. 10, 1933, an abscess 
occurred in the subcutaneous tissues of the right leg, and the injections were dis- 
continued for 2 weeks in order to allow it to heal. On M.ay 21, 1934, the animal 
was slightly unsteady in its movements. May 31, the monkey was definitely 
ataxic. June 6, tlie ataxia has progressed very rapidly and the animal h.as great 
difficulty in getting around in the cage. No definite paralyses were noted. Tlie 
head was held twisted to tlie left. While the monkey was under ether anesthesia 
a cistcrn.al puncture was made which yielded a dear fluid in which numerous 
small flocculi were seen. The fluid contained 280 cells per c.mm. (18 per rent 
l-wlymorphonudcar and 82 per cent mononuclear elements) and g.avc a positive 
Tandy reaction. The animal was jcicrificcd for histological examination. 

Sfcrcfsy. — Cultures of the brain made aerobically and ar.aerobic.illy in mt.at 
infusion broth, .and aerobically on blood-agar, on S.abouraud's me’lium. and I’ct- 
rofi s mcslium remained sterile. .Ml the organs appeared normal to the unaided 
e\c. St.ainr'l .sections of the lungs, liver, spleen, pxncrr.'.<. adrc.nab, tr'ticles. 
I idr.rys, .and mu’de showcal no significant changes. Sections of the brain and 
cord stsmoi ssj;h hematoxylin and rosin and Gie.m'a’s st.ain reac.alt'! typical 
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showed a ptosis of both eyelids. On Feb. 28, the animal was found to be ataxic. 
Temp. 101.2'’F. The ataxia increased gradually until Mar. 12 when the monkey 
was scarcely able to move about in the cage. No definite evidence of paralysis 
of the extremities was observed. The bilateral ptosis persisted and the animal 
appeared to be blind. While the monkey was under ether anesthesia a cisternal 
puncture was made which yielded a clear fluid containing 6 mononuclear cells 
per c.mm. and a slightly positive Pandy reaction. The animal was then sacrificed 
and all the organs were examined. 

Necropsy . — ^To the unaided eye all the organs including the brain and cord 
seemed to be normal. Cultures of the brain and cord on ordinary media and on 
Sabouraud’s medium remained sterile. Sections of the liver, spleen, kidneys, and 
lungs showed nothing of importance. Sections of the cerebrum, cerebellum, and 
pons stained with hematoxylin and eosin revealed t3T5ical lesions to be described 
later. Gram-Weigert and acid-fast stains showed no microorganisms. Weigert’s 
stain showed myeh'n destruction, much of which was around blood vessels, in the 
cerebrum, cerebellum, and pons. Some degeneration of myelin in the spinal cord 
near the anterior fissure and in the lateral columns was made evident by means of 
Marchi’s stain. 

Results of Animal Passages . — ^Each of 2 rabbits received intracerebrally 0.25 cc. 
of an emulsion of the brain of Monkey 7. Both animals remained well for a 
period of 2 months and then were discarded. A guinea pig received 0.1 cc. of 
the brain emulsion intracerebrally, remained well for 2 months, and then was 
sacrificed. Stained sections of its central nervous system revealed no lesions. 
Each of 6 Swiss albino mice received intracerebrally 0.03 cc, of the brain emulsion, 
remained well for 2 months, and then was discarded. 

Monkey 2 . — Monkey 2 received 80 injections. On Oct. 10, 1933, a small abscess 
appeared in the muscles of the right leg. The injections were discontinued for a 
short time in order to allow the abscess to heal. On Apr. 24, 1934, the face of 
the animal had a mask-hke appearance and the animal was slightly ataxic. May 
14, during the past 3 weeks the animal has gradually become more ataxic. No 
definite paralysis of the extremities was observed, but a right facial paralysis was 
present at this time. The injections were discontinued. May 21, the head is 
held turned towards the left. June 6, no appreciable change has been noted in 
the animal’s condition since the injections were discontinued. The animal was 
sacrificed for examination. 

Necropsy . — ^Aerobic and anaerobic cultures of bits of the brain and cord in 
meat-infusion broth, and aerobic cultures on blood-agar, on Petroff’s egg medium, 
and on Sabouraud’s medium remained sterile. To the unaided eye all the organs 
including the brain and cord appeared normal. Sections of the lungs, kidneys, 
liver, spleen, testicles, and muscle stained with hematoxylin and eosin and Giemsa’s 
stain showed no lesions of importance. Sections of the central nervous system 
stained with hcmato.xylin and eosin and Giemsa’s stain showed typical lesions in 
the cerebrum, cerebellum, pons, and cord. The meninges in the region of the 
ccrebellopontme angle and at certain levels of the cord were also involved. De- 
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lesions in the cerebrum near the lateral ventricles, in the cerebellum and pons 
in the neighborhood of the 4th ventricle and cerebellopontine angle. The men- 
inges in this neighborhood were also involved. Weigert’s stain demonstrated 
destruction of myelin much of which had occurred around blood vessels. Marchi’s 
stain showed degenerating myelin in the cord near the anterior fissure and in the 
lateral columns near the surface. 

Results of Animal Passages. — A monkey received intracerebrally 1.0 cc. of an 
emulsion of bits of tlie brain of Monkey 6. The animal has remained well for a 
period of 7 months and is still under observation. 

Monhey 4. — ^Monkey 4 received 85 injections. The animal never showed defi- 
nite signs of involvement of the central nervous system. Nevertheless, during 
the last 3 months of the experiment it was docile and refused to run around very 
much. On June 7, 1934, while the animal was under ether anesthesia a cisternal 
puncture was made which yielded a clear fluid containing 42 cells per c.mm. (54 
per cent polymorphonuclear and 46 per cent mononuclear elements) and gave a 
negative Tandy reaction. The monkey was then sacrificed for histological ex- 
amination. 

Necropsy. — ^Aerobic and anaerobic cultures of bits of the brain in meat infusion 
broth, and aerobic cultures on blood-agar, on Sabouraud's medium, and on 
Petroff’s medium remained sterile. All the organs including the brain and cord 
appeared normal to the unaided eye. Stained sections of the lungs, kidneys, spleen, 
pancreas, adrenals, liver, testicles, and muscle showed no lesions of significance. 
Section of the brain and cord stained with hematoxylin and eosin, and modified 
Weigert’s stain revealed a few typical lesions with destruction of myelin in the 
cerebrum, near the ventricles, and in the cerebellum and pons. Marchi’s stain 
showed a few degenerating myelin sheaths near the anterior fissure of the cord. 

Monkey 5. — ^Monkey 5 received 85 injections. At no time during the experi- 
ment did the animal exhibit signs of involvement of the central nervous system, 
and on June 6, 1934, it was sacrificed for histological examination after a cisternal 
puncture had been made. The fluid obtained was dear, contained 8 mononudear 
cells per c.mm., and yielded a negative Tandy reaction. 

Necropsy. — ^All cultures of the brain remained sterile. All of the organs indud- 
ing the brain and cord appeared normal to the imaided eye, and stained sections 
of them showed no significant lesions. 

Control Monkeys. — Monkeys 9-16 were kept under conditions identical with 
those to which Monkeys 1-8 were subjected except that they received no injections. 
At no time did any of the control animals exhibit signs of involvement of the central 
nervous system. When the experiment was terminated 4 of the control animals, 
Monkeys 9-12, were sacrificed for complete histological examination. None of 
the organs including the brain and cord revealed lesions of significance. 

The results of the experiment detailed above are summarized in 
Table II, an examination of which reveals that 6 of the 8 monkeys 
that received repeated intramuscular injections of aqueous emulsions 
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DISCUSSION 

The results of the experiment reported at this time are similar to 
those described by Rivers, Sprunt, and Berry (8). The pathological 
changes are identical in both sets of animals and in some respects do 
not resemble the spontaneous lesions of monkeys that have been 
described on previous occasions by other workers (9-15). 

The appearance of foreign body giant cells in the brains of the af- 
fected animals is extremely interesting, and the character of the lesions 
observed is such that one would suspect that an infectious agent 
caused them. Nevertheless, we have been unable to demonstrate 
the presence of such an agent by means of stains and cultures. Fur- 
thermore, inoculation of monkeys, rabbits, guinea pigs, and mice with 
emulsions of the brains involved failed to disclose a transmissible 
agent. However, failure on our part to find an infectious agent does 
not necessarily mean that one was not present. 

The fact that the control animals remained well seems to indicate 
clearly that the pathological changes which occurred in the brains of 
the treated monkeys were in some manner, either directly or indirectly, 
brought about as a result of the repeated intramuscular injections of 
aqueous emulsions and alcohol-ether extracts of sterile normal rabbit 
brain. Whether the aqueous emulsions or the extracts were respon- 
sible remains to be determined. Furthermore, it is possible that some 
obscure infectious agent was activated by the injections. If that be 
the case, then 7 of the 8 monkeys carried the agent and at least 2 of the 
8 monkeys treated by Rivers, Sprunt, and Berry (8) also carried it. 

The relation of our results to the paralysis accompanied by destruc- 
tion of myelin that is known to follow the repeated injections of 
emulsified rabbit brain containing fixed rabic virus used in the 
vaccination of human beings against rabies, is not clear. In the 
Pasteur treatment of human beings 14 to 21 injections are made, and 
only about 1 of every 4000 vaccinated individuals becomes paralyzed. 
Each of our animals received more injections than are used in the 
Pasteur treatment, the smallest number being 46, the largest 85. It 
was not possible to buy and house several thousand monkeys. Conse- 
quently, we decided to use a large number of injections in a small 
group of animals. In any event we have experimentally produced 
lesions accompanied by myelin destruction in the brain of monkeys. 
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Decreasing amounts of acetyl polysaccharide, of de-acetylated polysaccharide 
of Type I, and also of soluble specific substance, Type III, made up to 0.2 cc., 
were mixed with 0.2 cc. of a suitable dilution of a group specific A-antiserum 
(rabbit) and kept for 20 minutes at room temperature. To these were added 
0.2 cc. of a 5 per cent suspension of sheep cells and 0.2 cc. guinea pig serum in a 
dilution of 1:20. Hemolysis was recorded after 60 minutes incubation at 37°C. 

There is a striking difference between the acetyl and the de-acety- 
lated polysaccharides, Type I. The acetyl polysaccharide inhibits 
sheep cell hemolysis by group specific A-antiserum to a high degree, 
while the de-acetylated product is almost completely ineffective. 
The inhibitory potency of the acetyl polysaccharide. Type I, towards 
the group specific sheep cell hemolysis exceeds that of the soluble 
specific substance. Type III. 

Complement Fixation Test of Group Specific A-Antiserum and 
Pneumococcus Carbohydrates 

Experiment 3 : — ^The question arose whether similar results could be 
obtained with the complement fixation test. To this end, an experi- 
ment was set up in the following manner. 

Decreasing amounts (total volume 0.2 cc.) of acetyl polysaccharide, Type I, 
of de-acetylated polysaccharide of the same tj^ie, of polysaccharide, Tj^e IHj 
and of peptone (W^itte) were treated for 1 hour at 37'’C. M'ith 0.2 cc. of a group 
specific A-antiserum (dilution 1:10), and 0.2 cc. of guinea pig serum (1 ;20). To 
these were added 0.4 cc. of an equal mkture of 5 per cent sheep cell suspension 
and a suitably diluted sheep cell antiserum (rabbit). The resulting hemolysis 
was noted (pc) after IS minutes, and (/3) after 30 minutes incubation at 37°C. 

Table III shows that the acetyl carbohydrate caused a marked com- 
plement fixation with the group specific A-antiserum, while the de- 
acetylated derivative was completely negative in this respect. The 
soluble specific substance. Type III, showed only a slight positive 
reaction. 

Inhibition of Iso-agglutination of B.uman Group A Corpuscles by 
Pimmococcus Polysaccharides 

Experiment The inhibitory influence of the soluble specific sub- 
stance of pneumococci upon the iso-agglutination of human red blood 
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cells by normal human serum containing the corresponding iso-agglu- 
tinins was demonstrated as follows: 

Decreasing amounts (total volume 0.1 cc.) of acetyl and de-acetylated polysac- 
charide, T}T)e I, and of polysaccharide, Type III, were incubated for 20 minutes 
at room temperature with 0.1 cc. of inactivated human serum belonging to group O 
(dilution 1:1). To this was added 0.1 cc. of a 1 per cent suspension of human 
blood cells belonging to group A. Agglutination was noted (a) after 1 hour, and 
03) after 10 hours incubation at room temperature. 

The acetyl polysaccharide, Type I, displayed a marked inhibitory 
influence on the group specific iso-agglutination of human blood cells 
of group A, in contrast to the de-acetylated compound of the same 
type. However, in comparison with the inhibition of sheep cell 
hemolysis by a group specific A-antiserum, much larger amounts of 
the acetyl polysaccharide were necessary. It may be remarked that 
the iso-agglutination of blood cells of group B was not influenced at 
all in a parallel experiment. 

Schiff, Akune, and Weiler (9, 10) have described an agent in the 
feces and in the saliva which destroys the group specific substances. 
These authors regard the “blood group enzyme” as a product of the 
body itself, while Wltebsky and Satoh (12, 13) and recently Sievers 
(14) are of the opinion that this agent augments itself and is not a 
secretion product of the organism. The question as to the nature of 
this blood group-destroying agent need not be discussed here. The 
one fact may be mentioned that one can obtain sterile Berkefeld fil- 
trates of feces (12) which also destroy the blood group specific 
substances. 

In view of the above described relationship between the soluble 
specific substances of pneumococci and the blood group substances of 
man, we investigated the effects of such a Berkefeld filtrate of feces 
on the soluble specific pneumococcus substances. 

Eject of Blood Group Enzyvtc on Acetyl Polysaccharide, Type I, as 
Demonstrated by Hemolysis Inhibition Test 

Experiment 5.— 0.5 cc. of a H per cent solution of acetyl polysaccharide, 
Tjtc I, was mked with 0.5 cc. of an effective feces filtrate, and with 0.5 cc. of 
the same filtrate, inactivated by heating for 20 minutes at 60°C. These mixtures 
were kept at 3/ C. overnight. Then, the hemolysis inhibition test was set up as 
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Equal amounts of 0.5 cc. of 0.2 per cent solution of the acetyl substance were 
mixed with 0.5 cc. effective and 0.5 cc. inactivated feces filtrate, and kept at 
37°C. overnight. Decreasing amounts of these mixtures, made up to 0.1 cc., 
were then digested for 20 minutes at room temperature with 0.1 cc. of an inacti- 
vated human serum belonging to blood group 0 (solution 1:1). After tin's, 0.1 cc, 
of a 1 per cent suspension of human blood cells, group A, was added. The result- 
ing agglutination was recorded (a) after 20 minutes and (|3) after 50 minutes 
incubation at room temperature. 

As can be seen from Table VI, the acetyl polysaccharide, after hav- 
ing been digested with active feces filtrate, has lost its potency to 

TABLE VI 

Agglutination of Human Blood Cells of Group A by Serum of Group 0 Treated with 
Aceiylaied Type I Polysaccharide Which Had Been Digested 
Previously with Feces Filtrate 


cc. 

0.1 
0.05 
0.025 
0.012 
0.006 
0 

Symbols as in Table IV. 
a = agglutination after 20 minutes. 
i8 = agglutination after 50 minutes. 

inhibit the agglutination of human blood cells of group A by a serum 
of group 0 as in Experiment 4. 

Eject of Blood Group Enzyme on the Precipit ability of Acetyl Substance 
by Pneumococcus Type I Antiserum, Previously Absorbed 
with De-acetylated Polysaccharide 

Experiment 7. A Pneumococcus Type I antiserum, previously absorbed with 
de-acetylated polysaccharide, still precipitates the acetyl substance according to 
Avery and Goebel (8). We mixed, therefore, 10 cc. of a 1:1 diluted Pneumo- 
coccus Tj’pe I antiserum (horse) with 0.5 cc. of a 0.1 per cent solution of the de- 
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specimen had almost completely lost its reactivity against the group 
specific A-antiserum. 

DISCUSSION 

In a comparison of the specific carbohydrates of the three main 
types of pneumococcus, the acetyl polysaccharide of Type I is highest 
in reactivity towards antisera obtained from rabbits by immunization 
against human blood corpuscles of group A. The close relationship be- 
tween this bacterial antigen and the iso-agglutinogen A can be demon- 
strated by a number of methods. The acetyl substance exerts an in- 
hibitory influence on sheep cell hemolysis by group A-antiserum up to 
a dilution of about 1:1,000,000 of its 1 per cent solution when es- 
pecially titrated with optimal dilutions of complement and antiserum. 
Thus, the bacterial product proves to be almost as active toward the 
A-antiserum as the carbohydrate of Freudenberg and Eichel which 
acts in amounts of 1/100 to 1/2007. Like Freudenberg and Eichel’s 
carbohydrate, isolated from urine of human blood group A subjects, 
it inhibits the corresponding iso-agglutination. However, in this type 
of test the necessary amount of the pneumococcus polysaccharide was 
found to be much higher than in the hemolysis inhibition test, in 
agreement with observations made by Jorpes on Freudenberg and 
Eichel’s carbohydrate (7). 

There is still another method suitable to prove the existence of A- 
antigen in cells and tissues. Active immunization of rabbits with ma- 
terial containing this antigen, may result in the production of group 
specific A-antibodies. Only a certain percentage of rabbits, namely 
the individuals lacking the A-antigen in their organs, are able to pro- 
duce A-antibodies. In these, one may expect that immunization 
against Pneumococcus Type I could simultaneously produce anti- 
bodies against the A-like antigenicity, observed by us in the genuine 
carbohydrate of this type. Only small amounts of six individual 
Pneumococcus Type I antisera (rabbit) were at our disposal, two of 
which contained group specific A-antibodies. However, since the 
normal A-antibody in serum of rabbits, lacking A-antigen in their 
body, would increase also upon any non-specific antigenic irritation, 
our observations do not permit the assumption that the moderate 
amounts of group specific A-antibodies present are due to a specific 
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immunizing effect. Further experiments -will be necessary in order to 
elucidate this point (c/. 4). 

Of the other type specific carbohydrates, that of Type III was ap- 
proximately 100 times less effective than the acetyl derivative of 
Type I in the hemolysis inhibition test, and about 20 times less effec- 
tive as concerns complement fixation. In the iso-agglutination in- 
hibition test no action by polysaccharide, Type III, could be detected 
at all. Type II, in turn, was much weaker than Type in in the hemo- 
lysis inhibition test. Unless the cross-relationship between the 
antigen of Pneumococcus T 5 pe I and human blood group A is to be 
considered a fortuitous one, the much lower reactivity of the carbo- 
hydrates II and III in our experiments opens the question whether 
more potent antigens may be derived in the future from these types, in 
this respect like the acetyl polysaccharide from Type I of Avery and 
Goebel. 

Since the de-acetylated derivative was recognized by Avery and 
Goebel as an artefact, many earlier contradictory statements regard- 
ing its chemical and immunological qualities have found an c.xplana- 
tion; nevertheless, the complete absence of reactivity in the present 
experiments of the de-acetylated product is surprising. The question 
arose whether tlie effect of the blood group enzjrmc of feces filtrates 
upon the acetyl polysaccharide. Type I, and on the group A substance, 
which according to Freudenberg and Eichel carries acetyl groups, con- 
sists in de-acetylation. In this case, acetyl polysaccharide Type I, 
treated with feces filtrate, should behave like the de-acetylated prod- 
uct. According to the result of Experiment 7, this is not the case, 
and hence we have to conclude that the cliange brought about by this 
treatment is not identical with or analogous to the de-acetylation of 
the acetyl polysaccharide. 


SUMMARY 

1. A relationship between the soluble specific substances of pneu- 
mococci and the blood group substance A of man can be demonstrated 
by the inhibition of sheep cell hemolysis by a group spedfic A-anti- 

serum. However, there are quantitative differences between the 
various tj-jx-s. 

2. A striking difference c.xists between the acetyl and the de-acety- 
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lated polysaccharide of Pneumococcus Type I: The de-acetylated 
carbohydrate fails to react "with the group specific A-antiserum, while 
the acetyl carbohydrate shows a strong reactivity. 

3. The minimum amount of the acetyl polysaccharide, which in- 
hibits sheep cell hemolysis by A-antiserum, is almost as small as that 
of the group specific carbohydrate isolated by Freudenberg and Eichel 
from urines of group A. 

4. The reactivity of the acetyl polysaccharide can be demonstrated 
not only by the hemolysis inhibition test, but also by complement 
fixation and by inhibition of group specific iso-agglutination. 

5. Feces filtrates, which possess the ability to destroy the blood 
group specific substances A and B of man, also affect the acetyl poly- 
saccharide of Pneumococcus T3^e I. After incubation with an effec- 
tive feces filtrate, the acetyl polysaccharide almost completely loses 
its potency toward the group specific A-antiserum and also its ability 
to inhibit the iso-agglutination of A blood cells. 

6. Acetyl polysaccharide of Pneiunococcus Type I, having lost its 
reactivity toward the group-specific A-antiserum after treatment with 
feces filtrate, still reacts with Type I pneumococcus antiserum which 
was previously absorbed with de-acetylated polysaccharide. Type I. 
Thus, the essential effect of the feces filtrate on acetyl polysaccharide. 
Type I, is not the cleavage of acetyl group, but some other chemical 
alteration. 

Our thanks are due to Dr. M. Heidelberger and to Dr. W. F. 
Goebel for specimens of some of the polysaccharides, and to Dr. S. 
D. Beard and Miss F. Clapp of the Lederle Laboratories for pneu- 
mococcus antisera. 
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NUTRITIONAL EDEMA IN THE DOG 

II. Hypoalbothnemia and the Augmentation oe Tissue Fluid 
B v a. a. WEECH, M.D., E. GOETTSCH, M.D., and E. B. REEVES 

{From the Deparlmcnl of Diseases of Children of Columbia University College of 
Physicians and Surgeons, New York) 

(Received for publication, Februarj’ 21, 1935) 

Edema in the human being is known to exhibit a variety of manifes- 
tations. The regions prone to greatest swelling are not the same in all 
patients, and in the same patient the swelling often shifts from day to 
day and sometimes even from hour to hour. In some individuals 
with marked subcutaneous dropsy effusion into the serous cavities 
fails to occur or at least does not express itself clinically, whereas in 
others ascites is marked and edema of the subcutaneous tissues slight 
or absent. Finally diuresis and loss of edema may occur sponta- 
neously and when no provoking cause isapparent. Because these phe- 
nomena and others which characterize edema in the human being have 
been observed in the dog, because in the dog the events preceding the 
development of symptoms are capable of being controlled, and because 
investigators elsewhere may msh to utilize the experimentally induced 
edema to study other problems, it appears worth while to describe 
from the sjTnptomatic standpoint the development and course of 
edema in the group of dogs discussed in the first paper of this scries 
(1 ). It is evident that caution is necessary in interpreting vagaries of 
symptomatic expression as due to identical causes in the dog and in 
man; nevertheless, the very similarity of the vagaries lends support to 
the belief that the motivating forces arc similar in the two species. 

Characteristics of the Edema 

Wlicn dogs arc ma.intaincd on the protcin-dcficicnt diet which was 
described in the first paper of this scries (1) it is generally observed 
after several weeks that the tissues of the abdominal wall, groin, and 
extremities have become fuller. At this stage normal bodv svmmctry 
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is not disturbed and pitting edema is not demonstrable. When true 
edema does appear after maintenance on the diet for from 1 to 3 
months, the development is often sudden and always at a rate dispro- 
portionately rapid in relation to that of the previous pre-edematous 
fullness. The first edema is usually inconstant. It is often present 
in the afternoon after the animal has stood through the day and 
absent the following morning after a night in the recumbent posture. 
With each reappearance the symptom tends to become more marked 
and daily fluctuations in degree become less striking. With a few 
animals there has been a noteworthy tendency toward spontaneous 
and periodic loss of edema. With these animals the symptom has 
appeared and developed progressively for a week or 10 days and then 
suddenly, and in association with diuresis, vanished. The subsequent 
course has been marked by further edema and periodic diuresis. The 
first edema does not involve all of the body nor all four extremities 
either equally or simultaneously. Among twenty-two animals the 
first edema involved only one extremity eleven times, it was present in 
two extremities seven times, in three extremities once, and in all four 
extremities three times. It appeared first in one or both hind legs 
fifteen times and in one or both fore legs three times. That the hind 
legs are more susceptible than the fore legs is undoubtedly due to the 
presence of relatively loose subcutaneous tissue about the Achilles 
tendons and it is here that the earliest signs are generally seen. Edema 
of the fore legs has always appeared first over the dorsa of the feet and 
in this region both front and hind legs seem to be equally susceptible. 
As the process progresses all four extremities usually become involved 
in the dropsy. Among twelve dogs in which the edema began in the 
hind legs, involvement of the fore legs had appeared within 3 to 14 
(average 7) days. In two instances the fore legs remained free of 
edema even after the process had extended to otherwise generalized 
anasarca with massive ascites. That the fore legs are usually in- 
volved sooner or later has been mentioned specifically because in our 
experience these extremities have been spared in the acute edema 
which follows plasmapheresis. With further passage of time the 
edema tends to become more and more massive, the toes become 
swollen and spread apart, the swelling extends upwards to involve the 
extremities through their entire length, and finally bag-like sacks of 
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edematous tissue, sometimes resembling mammarj^ glands, may be 
seen banging from the chest and abdominal waU. In several instances 
edema of the scrotum has been massive, now and again the face and 
eyelids have appeared swollen, and in one case there was marked 
chemosis of the bulbar conjunctivae, Ascites, which may or may not 
be present, will be discussed presently. 

The experimentalist who plans to study this form of edema may wish 
to know whether all animals which are maintained on the diet develop 
the symptom, the time required for its appearance, and the time during 



Chart 1. Behavior of body weight during maintenance on low protein diet. 


which observation and study are possible. To date twenty-eight dogs 
have been started on the diet and of these twenty-two developed 
edema. Of the remaining six e.xperiments five were terminated pre- 
maturely, three times because the animals contracted distemper and 
twice because of anorexia with refusal to cat the diet. In a single 
instance only edema had not developed after a hundred days of main- 
tenance on the diet and the animal, whicli had developed severe 
jaundice, was sacrificed. In this case, however, the serum albumin, 
although it had declined progressively, had not fallen to a level which 
was reached with many other dogs before edema appeared. Among 
twenty dogs whose course was not complicated the edema appeared 
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in from 35 to 100 days or in an average of 60 =b 15 (S. D.) days. One 
might expect that the interval could be shortened by initial periods of 
plasmapheresis. In two instances in which this was tried, the at- 
tempt was not successful and edema developed after 53 and 60 days, 
respectively. The period of survival after the appearance of edema 
or more properly the time over which edema has persisted and been 
available for study cannot be evaluated accurately from our data be- 
cause the course has been complicated by various experimental pro- 
cedures which have included transfusions, diuretics, and changes in 
diet. Some of the animals have been sacrificed and some have been 
allowed to recover. With these limitations in mind it may be stated 
that edema was present in the twenty- two dogs from 1 to 77 days or 
for an average time of 27 ± 17 (S. D.) days. In individual animals 
it is possible with experience to estimate the period of survival more 
closely from consideration of the physical state, the appetite, and the 
serum protein concentrations. Experimental studies can be planned 
accordingly. 

Behavior of the Weight Curve 

In the majority of experiments the animals have exhibited a progres- 
sive decline in weight during the period of maintenance on the diet, the 
loss being greatest during the first week or 10 days and thereafter more 
gradual. The extent of the loss can be gauged from Chart 1 in wliich 
has been plotted the average weight curve of fifteen dogs which re- 
ceived the diet containing cod liver oil. Inasmuch as the food con- 
sumed by most of the dogs was deficient both in nitrogen and total 
calories, we have thought the loss of weight to be due to destruction 
both of body protein, i.e. muscle, and of body fat. The destruction 
of tissue protein is proved by the consistently negative nitrogen 
balance (1). That loss of body fat has also contributed to the decline 
in weight is suggested by the repeated observation with individual 
animals of a rapid loss in weight following voluntary reduction in the 
quantit)'’ of diet consumed and by the fact already reported that such 
reduction does not greatly affect the magnitude of the nitrogen loss. 
During periods when the appetite has remained normal and the total 
diet has been consumed, we have been impressed again and again by 
the absence of conspicuous loss of weight. In an experiment which 




good and thcl. ' 

"trtf* -- so 

p"|nialsdcdine^a^5 ^^ Mentioned 

'S3?SS:^i=5ii' 

]05S ciir f’ ^ove int^"''"^'Voffoodc 

' He perio;, 



722 


SERUM PROTEIN AND EDEMA 


pre-edema. It is realized that such a discrepancy would also occur 
if fat were being stored while tissue protein was undergoing destruc- 
tion and it is true that many of our animals have shown at autopsy 
abnormal infiltrations of fat in the liver. Nevertheless, the panniculus 
and omental fat have never been more abundant than in normal ani- 
mals and indeed these stores have usually appeared to be depleted to 
such a degree as to suggest a considerable loss rather than an increase 
in total body fat. Furthermore, physical signs of pre-edema which 
were described in the last section favor the interpretation that has 
been given. It is interesting as well as confirmatory that a similar 
observation was made by Bischoff and Voit (3) as long ago as 1860. 
These investigators maintained a dog exclusively on bread for a period 
of 41 days. They found that although the nitrogen loss corresponded 
to 3,717 gm. of muscle, the animal lost only 531 gm. in weight, and 
concluded that water retention must have taken place. In other 
experiments in which cats were fed exclusively with bread they found 
the water content of the muscles and brain to be from 3 to 4 per cent 
higher than in control cats fed with mixed food. 

In the majority of experiments the development of edema was not 
preceded by definite fluctuation in the weight curve. In a previous 
publication (2) this fact was noted and interpreted to mean that the 
state of pre-edema gradually merged with that of true edema in such a 
way that sudden accumulation of fluid in the tissues did not occur. 
Subsequent observations have shown that this interpretation was at 
least partly in error. For reasons given in the preceding paragraph 
we are stiU convinced that fluid does accumulate in the tissues for 
some time preceding the appearance of palpable edema; nevertheless, 
from inspection alone it has become clear that the development of 
palpable edema represents a sudden local increase in the rate of 
accumulation. 1 It seems likely that the amount of fluid required to 

^ SccEuse they beheved th^t the onset of edeniB. wes not EssociEted with e 
sudden increEse in the rEte of Eccumulation of fluid in the tissues, Weech Snelling, 
and Goettsch (2) suggested that the term “correlation level” rather than “critical 
level” be used to refer to serum protein concentrations below which edema is 
usually present and above which it is not. From the above discussion it appears 
that the reason for the suggestion was not valid and the expression ‘^correlation 
level” will not be used in this report. 



A. 


■‘^'EECH, E. GOETTSCa- Aim 

» -a o. .J " " 

‘{ aaccessfve sLs X ®°“ body at ‘ P'^Pable edeata 

*'-et effect ^btr'"" -- ZTL'T 
-tCdlSi"^'^” aatt^ '“''^ “''“ate 

•■""d cdcnla ^1*’' corr^^V^'^ of noLn^ 

'““'■■oa o„,j. i,J’“'“'-acottcla,ie„“ ™ “»"ol be dta„.„ S "°‘ '”■ 
couiitcrcfl n,; ‘^'’cn in fh» c.vkic r “etwecn if 

"•‘-- ba^•e Lt , criti^ , ^ •' ""'’‘bons en- 

and hv i],„ by the P ^ in Jc.„ '"'^^bgafe (he 

tabuiationt 



724 


SERUM PROTEIN AND EDEMA 


and for albumin alone do not differ significantly. Evidently the 
critical levels vary just as widely when expressed in calculated units 
of osmotic pressure as in grams per cent of albumin. Unfortunately, 


TABLE II 


Serum Protein Concentrations Associated with First Appearance of Edema 


Dog No. 

Albumin per 
100 cc. 

Globulin per 
100 cc. 

i Total protein 

1 per 100 cc. 

Colloid osmotic pressure 

Wells 

Govaerts 


gm. 

gm. 

gm. ^ 

mm. BiO 

mm. UtO 

84o 

1.04 

1.93 

2.97 

82 

116 

2-06 

1.04 

2.94 

3.98 

no 

136 

1-91 

1.15 

2.48 

3.63 

102 

135 

84& 

1.29 

2.48 

3.77 

109 

146 

84c 

1.29 

3.32 

4.61 

134 

162 

8-38 

1.30 

2.61 

3.91 

114 

149 

8-06 

1.35 

2.99 

4.34 

127 

160 

3-87 

1.37 

2.13 

3.50 

103 

145 

2-07 

1.38 

2.55 

3.93 

116 

154 

S 

1.40 

2.00 

3.40 

101 

145 

1-90 

1.47 

2.90 

4.37 

131 

167 

2-3 

1.52 

1.90 

3.42 

104 

152 

449 

1.59 

4.06 

5.65 

174 

199 

S-89 

1.63 

2.80 

4.43 

137 

178 

3-36 

1.75 

3.12 

4.87 

155 

193 

4-30 

1.79 

1.97 

3.76 

120 

173 

2-93 

1.79 

3.22 

5.01 

160 

198 

5-97 

1.85 

3.16 

5.01 

162 

201 

1-89 

1.95 

2.51 

4.46 

147 

196 

2-05 

1.95 

3.53 

5.48 

180 

216 

5-65 

2.17 

2.70 

4.87 

167 

216 

Average 

1.53 

2.73 

4.26 

130 

168 

S.D.* 

0.31 

0.56 

0.70 

27.1 

27.9 

c.v.t 

19.9 

20.4 

16.5 

20.8 

16.6 


* S.D. = standard deviation of average, 
t C.V. = coefficient of variation. 


the calculation depends upon formulae which were derived from 
measurements of human serum. Analogous formulae for canine serum 
do not exist. It is possible, therefore, that a narrower range of varia- 
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Wiien the serum albumin is raised by appropriate measures the 
edema will disappear. When the rise follows interruption of the low 
protein diet and return to adequate feeding, the elimination of edema 
usually occurs in association with concentrations of serum albumin 
within the same range as that described for the first development of 
edema. Now and again, however, conditions have been encountered 
under which the edema has not disappeared until the albumin had re- 
generated considerably above this range. An experiment which ex- 
emplifies this happening was illustrated in Chart 5 of the first paper of 
this series (1). In the experiment Dog 3-36, which developed edema 
in association with an albumin concentration of 1.75 gm. per cent, did 
not become free of edema until an adequate diet had been offered for 
19 days and until the level of albumin had risen to 2.75 gm. per cent. 
In two instances in which discrepancies of this magnitude existed be- 
tween the critical levels for the appearance and disappearance of 
edema, the dropsy had existed for more than a month when the change 
in diet was instituted. In other experiments in which the albumin 
concentration has been raised abruptly by means of transfusion we 
have not always observed an immediate disappearance of edema with 
concentrations above the critical level. 

Protein Content of Edema Fluids 

Thirty samples of edema fluid from the subcutaneous tissue of the 
extremities of fourteen dogs have been analyzed for total protein. 
The results appear in Table III. The range of protein concentration 
was from 0.02 to 0.72 gm. per cent. The average protein level was 
0.230 gm. per cent and the median level was 0.165 gm. per cent. The 
discrepancy between the average and median values indicates the 
absence of normal frequency distribution in the results. Actually in 
five instances only, or one-sixth of the total number, was the concen- 
tration greater than 0.35 gm. per cent. Table III also shows the 
contemporaneous protein content of the serum and the number of 
days which had elapsed after the onset of edema before the fluids were 
collected. With neither of these factors has it been possible to demon- 
strate a significant positive correlation with the amount of protein in 
the edema fluid, a fact which is roughly apparent from the manner of 
arrangement of the data in the table. Apparently, some other factor. 
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ascites on physical examination was observed seven times in the 
group of twenty-two dogs which developed subcutaneous edema. 
Because the majority of animals did not exhibit the symptom the 
protocols were examined with a view to discovering provoking circum- 
stances. The examination showed that in five instances out of the 
seven the first signs of ascites followed closely an abrupt increase in 
the amount of salt and water in the diet. On numerous other oc- 
casions, however, similar increases failed to evoke the same response. 
In two instances only, the ascites developed when the salt intake had 
been constant at a level of approximately 5 gm. daily for longer than 
2 weeks. The results are at least understandable if it is supposed that 
a sudden increase in dietary salt produces a stress throughout the tis- 
sues which favors distention of the intercellular spaces and accumula- 
tion of fluid. If the stress is exerted when the tissues possess a rea- 
sonable reserve strength retention will not result. When the reserve 
is broken fluid will accumulate in the organism. In a general way it 
has seemed that subcutaneous tissues and peritoneal cavity react 
differently to the application of stress. When the stress is increased 
gradually and exerted constantly or repeatedly over long periods the 
subcutaneous tissues yield more readily than the peritoneum. When 
the stress is applied suddenly the reverse is true, — the subcutaneous 
tissues are generally resistant whereas the peritoneal cavity, once the 
barrier to the accumulation of fluid has been broken, does not mani- 
fest further resistance for some time and large collections can and do 
develop rapidly. Although a sudden stress of this nature seems to 
result when the salt in the diet is increased abruptly, there are un- 
doubtedly other factors or processes capable of effecting similar 
shifts in the stress on the tissues. 

The difference in behavior between subcutaneous tissue and peri- 
toneal cavity is exemplified further by contrasting the form of edema 
which develops rapidly in plasmapheresis experiments with that pro- 
duced slowly by restriction of protein in the diet. In plasmapheresis 
experiments ascites is invariably present whereas edema of the ex- 
tremities is less intense than in nutritional experiments. If the 
plasmapheresis experiment is so arranged that fluid retention, although 
great, is limited to a period of 24 hours or less, the contrasting responses 
of subcutaneous tissue and peritoneal cavity are even more striking. 
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DISCUSSION 

‘ , A description of the events which attend the development of nu- 
tritional edema in the dog has been the main purpose in presenting 
the data contained in this paper. It is desired here merely to modify 
and elaborate briefly concepts, previously expressed (2), of the mech- 
anism involved in the formation of edema. Those forces which 
operate on the inside of the wall of the capillary, — colloid osmotic 
pressure and capillary blood pressure, — ^have been discussed frequently 
in recent literature. Under conditions of rest and at times when the 
volume of fluid in the interstitial spaces is constant these forces must 
be in equilibrium with others on the outside of the capillary. The 
extramural forces may likewise be divided into osmotic and mechanical 
components. Of these, in the type of edema under consideration, the 
effective osmotic pressure is relatively small and discussion at this 
time will, therefore, be confined to the other factor, mechanical 
pressure in the interstitial spaces. The effect of variations in this 
pressure on the volume of fluid in the spaces must obviously depend on 
the physical properties of the connective tissue framework which en- 
closes the spaces. If the intercellular tissue were composed of a 
rigid non-yielding substance it is clear that no amount of pressure could 
result in distention and the accumulation of edema. If the tissue 
were perfectly elastic, equal increments of stress would result in equal 
degrees of stretching and corresponding increments in the volume of 
interstitial fluid. Obviously the tissue spaces are neither non-yielding 
nor perfectly elastic. The observations described in this paper indi- 
cate that the increasing stress on the tissues, which results from the 
declining level of albumin in the blood, does lead to expansion of the 
intercellular spaces for some time prior to the appearance of edema. 
Consideration of the quantitative relationship between weight loss 
and nitrogen loss as well as physical signs of pre-edema both suggest 
retention during this period of moderate amounts of fluid. The 
development of palpable edema, however, takes place suddenly in a 
manner which suggests that increasing stress has finally become too 
great to be tolerated by the elastic strength of the tissue framework. 
The tissues seem to be torn apart and edema fluid accumulates 
rapidly throughout the area involved. For the time being the barrier 
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regime of activity. The reason for the elimination, however, is com- 
plicated by the fact that veins as well as lymphatics are furnished with 
valves and that the function of both is stimulated by muscular motion. 
When the veins are filled by hydrostasis with a column of blood, 
stimulation of their valves leads to a reduction in capillary blood 
pressure, and this effect will be added to that of the lymphatics in 
removing fluid and lowering pressure in the tissue spaces. 

The concept which places primary importance on the elastic 
strength of the connective tissue framework of the tissue spaces in de- 
termining the site and time of appearance of edema provides a basis for 
understanding several of the phenomena which have been described. 
The singular susceptibility of the loose tissue about the Achilles ten- 
dons contrasts sharply with the resistance exhibited by the firmer 
tissue over the dorsa of the feet. It is unlikely that the difference in 
reaction can be explained by variations in capillary blood pressure 
for the two regions are anatomically contiguous and exposed to the 
same hydrostatic force. The concept allows a clear comprehension 
of the distinction between pre-edema and palpable edema in accord- 
ance with the discussion in a preceding paragraph. It assists in an 
understanding of the difference in protein levels which may be critical 
for the formation and disappearance of edema in the same animal. 
For it is conceivable that after marked edema has disturbed the in- 
tegrity of the tissue spaces time must elapse and a new level of pres- 
sure conditions arise before the edema is removed. Finally there is 
provided a comprehensible basis for the phenomenon described in the 
section on ascites; namely, that a sudden fall in the colloid osmotic 
pressure of the serum does not have the same effectiveness on sub- 
cutaneous edema formation as a gradual decline over a number of 
weeks which is associated with progressive malnutrition. 

SUMMARY 

The manner in which edema develops in dogs maintained on a diet 
low in protein is described. Pre-edematous fullness of the tissues is 
observed for some weeks before palpable edema develops. The state 
of pre-edema does not merge gradually with that of true edema but 
rather the transition is relatively sudden. Among twenty dogs the 
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Although it is generally agreed that an effective weapon against 
certain pathogens can be acquired through specific active or passive 
immunization, opinions differ as to the exact means by which bacteria 
are thereby localized. Some hold that fixation is secured and main- 
tained by humoral factors involving local extracellular reaction be- 
tween antibody and living antigen, in a manner analogous to that 
observed by Opie (4) in the localization of soluble antigens. If, how- 
ever, cells are mobilized, one must consider the modification of their 
phagocytic activities resulting from the presence of antibody. Mudd 
and his associates (5) have shown that cohesiveness, agglutination, 
opsonization and phagocytosis of bacteria are correlated in specific 
immunity. From histologic studies of infected tissues after specific 
active immunization, Cannon and Pacheco (6) have emphasized that 
fixation and agglomeration of bacteria at the site of introduction are 
important aids to phagocytosis. 

What part in specific immunity is played by the accelerated, more 
extensive and more locally destructive inflammatory reaction of hyper- 
ergy or hypersensitiveness? This reaction may, as in massive rein- 
fection of a tuberculous host, actually promote dissemination of the 
bacteria. Significant work by Rich and his associates showed that 
under experimental conditions immunity is not dependent upon 
“allergy” (the hyperergic reaction) and can be dissociated from it. 
Simultaneous introduction of pathogenic bacteria and irritants height- 
ening the inflammatory response favored dissemination of the organ- 
isms (7, 8). Animals actively or passively immunized against 
pneumococci or other organisms were protected on introduction of 
homologous living bacteria in the presence of less inflammation than 
occurred in normal controls; here reaction between antibody and in- 
tact bacterial antigen did not result in allergic inflammation (9-11). 
\Affien rabbits were protected by a reaction involving accelerated and 
more widespread appearance of exudation, edema and necrosis, the 
allergic reaction was regarded as of minor importance. Greatest 
emphasis was placed on adherence of bacteria to each other and to the 
tissues at the site of introduction within 30 minutes after infection (10). 
Rich believed that in the case of the pneumococcus, there is involved 
primarily a specific agglutinative process which acts independently of 
allerg>' and is in operation before any inflammation appears (8). 
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alone. Although numerous polymorphonuclear leukocytes were present in the 
subcutis 2 hours after infection, these cells failed to ingest significant numbers of 
bacteria; most of the cocci were already within mononuclear phagocytes (Fig. 9). 
At later stages the small abscesses seen in the gross appeared in some animals, but 
in others the granulocytes were suspended in edema fluid in the subcutis and not 
so sharply localized. 

3. Effects of an Acacia Medium . — 

(o) Results with Acacia Alone. — ^There were no significant gross changes for 9 
hours after infection. The mouse killed at 15 hours was moribund; the abdominal 
wall was 3 mm. thick, deep red and firm in an area 2 to 3 cm. in diameter. Most of 
the mice killed later appeared quite sick, with increasingly wide zones of thicken- 
ing of the abdominal wall, which was deep red, firm, and at late stages wrinkled, 
with scattered purple-red patches. As compared to changes in respective mem- 
bers of the control group first described, the lesions were definitely more extensive 
and severe, and the animals more sick. All died, mostly within 24 hours, in the 
survival tests. None survived for section at 72 hours. 

The appearance of cellular infiltration in the subcutis was definitel)’' delaj'ed, 
with only scattered cells for 3 hours. At 4 hours, however, the exudate equalled 
that with saline as the medium, and thereafter surpassed it. At 12 hours the 
infiltrate, composed chiefly of polymorphonuclear leukocytes, was present in the 
subcutis, muscle layers, dermis and at the parietal peritoneum. There were many 
perivascular accumulations of erj^throcytes. Edema was extensive and necrosis 
widespread, involving many cells of the e.xudate. The organisms, at first mostly 
singly and in pairs, were for the most part in small groups or clumps, often 
with skein formation, 1 hour after inoculation (Fig. 5). Thereafter they became 
disseminated through the tissue spaces. Phagocytosis was slight. IS and more 
hours after infection, innumerable cocci were scattered in all layers of the abdomi- 
nal wall, chiefly, however, in the deeper portions of the greatly thickened subcutis. 
At the 12 and 15 hour stages, there was fibrin in the subcutis; at later stages, it was 
present in all layers of the abdominal wall, and a thick fibrinous network developed 
in large areas of the subcutis and in many of the subcutaneous lymphatics. 

(ff) Effects of Acacia Medium Containing hnnmne Serum. — Gross lesions were 
insignificant for 36 hours. In most cases by 48 hours, a firm, convex, sharply 
circumscribed, yellow-white nodule 3 to 4 mm. in diameter occupied the center of 
the injection site. This lesion persisted for 6 to 8 days after inoculation. Of nine 
mice injected for survival tests, two died 72 hours after infection, with moderate 
enlargement of the gross lesion in the hours preceding death. 

For 2 hours very few cells entered the subcutis. The cocci remained at the 
place inoculated, singly and in pairs and small clumps (Fig. 3) ; skein formation 
occurred at 1 hour. Between the 3rd and 4th hours after infection, however, the 
proliferating organisms became agglomerated into large clumps; these were sur- 
rounded and penetrated by potymorphonuclear and fewer mononuclear cells, with 
extensive phagocytosis by cells of both tjTpes (Fig. 8). In the following hours, 
the amount of edema and number of granulocytes, lymphocytes and large mono- 
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BACTERIAL LOCALIZATION 


was not observed. Instead, phagocytosis began almost immediately, 
and in a short time very few cocci could be seen extracellularly. In 
these cases the organisms apparently adhered to the tissues at the site 
of injection and to phagocytic cells rather than to each other. Phago- 
cytosis well advanced within the early minutes of infection precluded 
the possibility of formation of clumps of proliferating cocci. 

No exact determination of the origin of these phagocytic cells was 
attempted. Of possible significance are the numerous circulating 
lymphoid cells normally possessed by the mouse (21), and our obser- 
vations of diapedesis of such cells in all stages of exudation following 
infection. Transitional forms between granulocytes or fibroblasts 
and mononuclear phagocytic cells were not seen. 

We have no evidence that a mechanical barrier of fibrin in the tissue 
spaces and lymphatics is of importance in localization of virulent 
pneumococci by the mouse. In a series of reports Menkin (22) has 
emphasized the importance of this barrier in the localization of 
bacteria and other particulate material in a field of inflanunation. Of 
interest in this connection is Goodner’s (23) recent observation that 
repeated addition of thromboplastin to the lesion of dermal pneumo- 
coccus infection in the rabbit delayed spread of the lesion for 2 hours 
after the last addition. Others (Rich, Rhoads and Goodner, Pacheco 
(24)) have either seen no fibrin in the tissues during the first 48 hours 
of acute inflammation or have attributed bacterial localization to 
other factors. In the lymphatics draining a region of sterile inflamma- 
tion in the dog’s paw, Field, Drinker and White (25) found the lymph 
pressure and flow markedly increased for at least 8 hours. In studies 
of lymphatic drainage from similar lesions in rabbits, Menkin (26) 
found no retention of trypan blue in the lesions for the first 18 hours. 
He earlier reported that this dye was localized in a field of pneumococcal 
inflammation rather promptly, but his table shows that the dye did 
not fail to drain into the lymphatics when introduced up to 17.5 hours 
after infection (27). In our experiments, pneumococci were localized 
by forces acting much earlier after infection. Significant amounts of a 
fibrinous network in the tissues and of thrombosis of lymphatics were 
seen in precisely those lesions which accompanied failure to localize the 
pneumococci. Perhaps under other conditions, as when a less virulent 
organism can be localized in the absence of previous immunization, a 
barrier of fibrin may play a significant role. 
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important, a protective coating may have been formed on the bacteria. 
Nungester, Wolf and Jourdonais (30) reported such protection afforded 
Type II pneumococci, hemolytic streptococci and staphylococci by 
4 per cent gastric mucin and other viscous substances in the peritoneal 
cavity of the mouse, though not in the subcutis. The early hindrance 
to ingress of host cells does not seem so important, because these cells 
did not take up significant numbers of pneumococci introduced in a 
saline medium. Actual clumping of the host cells, as in the peritoneal 
cavity, did not occur in the subcutis. 

In definite contrast were the results of injecting pneumococci in 
acacia containing a small amount of immune serum. Prompt agglu- 
tination as with the saline medium was prevented, and the early free 
ingress of phagocytes also. But within a few hours large clumps of 
bacteria were surrounded and invaded by actively phagocytic cells, at 
a stage when the amount of immune serum used no longer maintained 
localization in the absence of acacia. Thus free diffusion of antibody, 
its adsorption on the bacteria and agglutination were apparently 
delayed, but the localizing effects of acacia were sufficient to prevent 
dissemination of the bacteria in the earliest stages. At later periods 
the combined effects of acacia and antibody favored formation of a 
small, sharply circumscribed abscess and protection of most of the 
mice. 

These results with a small amount of immune serum practically 
rule out the existence in acacia of a carbohydrate exerting an aggressin- 
like action through its dose chemical similarity or identity to the Type 
I pneumococcus polysaccharide. Such a “soluble specific substance,” 
having a high precipitating activity with Type II and Type III anti- 
pneumococcus sera but not Type I, has been derived from gum acacia 
by partial acid hydrolysis (31). 

After local active immunization, presumably leading to formation 
of immune bodies in the tissues, results were not clear-cut. The 
degree of immunization was inadequate, or the length of time before 
infection too long, to afford complete protection when a saline sus- 
pension of organisms was injected. The extent of the inflammatory 
reaction was probably partly due to a hyperergic reaction. The severe 
lesions with the bacteria in acada, however, and the death of all 
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animals so inoculated suggest that antibody penetrates from the 
tissues into such an inoculum with difficulty. In support of this, 
mice injected intraperitoneally with 0.01 cc. of immune serum before 
subcutaneous inoculation of living pneumococci were protected when 
a saline medium was used, while less than half survived after intro- 
duction of an acacia suspension of the organisms. 

SUMMARY 

The results of gross and microscopic observations and survival tests 
after subcutaneous infection of mice with Type I pneumococci can be 
summarized as follows: 

Normal mice possessed no adequate means of protection against 
this organism. The bacteria disseminated freely through the tissue 
spaces in the presence of widespread inflammation, and were not in- 
gested by significant numbers of host cells. 

Macrophages mobilized in the subcutis by intraperitoneal vaccina- 
tions with homologous killed organisms promptly ingested the living 
bacteria subsequently introduced. The cocci were sharply localized 
and destroyed in the presence of minimal amounts of e.Yudation, edema 
and necrosis. Bacterial localization accompanied a similar hypoergic 
reaction after passive immunization. When a hyperergic response was 
induced by repeated local, in addition to intraperitoneal, vaccinations, 
prompt phagocytosis by macrophages, as after intraperitoneal vaccina- 
tion alone, was again the outstanding means of disposal of the organ- 
isms. The heightened exudation, edema and local necrosis resembled 
a harmful rather than an important localizing reaction. Immunity 
was not dependent upon a hyperergic reaction. 

Prompt in vivo agglutination of li\dng bacteria after passive im- 
munization was an important early localizing phenomenon. After 
either active or passive immunization, phagocytosis was the only 
means observ'cd by which the organisms were destroyed. Thus 
localization and destruction of the bacteria in immunized mice were 
dependent both on bacterial changes caused by specific antibody and 
on phagocytic activities of host cells. 

A viscous gum acacia medium caused a transient delay in bacterial 
dissemination, but the organisms ultimately became widely scattered 
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EXPLANATION OF PLATES 
Plate 35 

Fig. 1. Pneumococci scattered extracellularly in the subcutis 5 minutes after 
injection into a normal mouse. Brown and Brcnn stain. X1175. 

Fig. 2. Subcutis of normal mouse 5 minutes after injection of a saline suspension 
of pneumococci and 0.001 cc. of immune scrum. Note the prompt and definite 
agglutination of the bacteria. Brown and Brenn stain. X1I75. 

Fig. 3. Slight clumping of the bacteria 5 minutes after they were introduced in 
an acacia medium containing 0.001 cc. of immune serum. Brown and Brcnn 
stain. X1175. 

Fig, 4. Prompt ingestion of pneumococci by mononuclear phagocytes. !Mouse 
killed 5 minutes after infection following intrapcritoncal vaccinations. Brown 
and Brcnn stain. X1175. 

Fig. 5. Formation of small clumps and skeins in the subcutis 1 hour after injec- 
tion into normal mouse of pneumococci suspended in solution of acacia. Brown 
and Brcnn stain. X1175. 


Plate 36 

Fig. 6. Tangential section showing sharply localircd abscess 24 hours after 
infection following passive immunization (serial sections show that the abscess k 
in the subculis). JIaximow stain. X35. 

Fig. 7. Tangential section showing subcutaneous abscess 48 hours after injec- 
tion of an ac.acia suspension of the pneumococci and 0.001 cc. of immune scrum. 
Maximow stain. X35. 

Fin. S. Penetration of large bactcri.al clumps by phagocytic cells 4 hours after 
introduction of the cocci in acacia with immune scnim. Maximow stain. X775 
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Fig. 9. Subcutis of immune and hyperergic animal 2 hours after infection. 
Most of the cocci are in mononuclear phagocytes; the part played in phagocytosis 
by granulocytes is negligible. Brown and Brenn stain. X97S. 

Fig. 10. Phagocytosis by macrophages at periphery of large clump of cells and 
bacteria. Smear of peritoneal fluid 30 minutes after intraperitoneal injection of 
pneumococci in salt followed by 10 per cent acacia and 0.01 cc. of immune serum. 
Giemsa stain. X 1450. 


Plate 37 

Fig. 11. Nest of mononuclear phagocytic cells in the subcutis after repeated 
intraperitoneal vaccinations. Maximow stain. X500. 

Fig. 12. Extreme bacterial proliferation and invasion from the subcutis into the 
muscularis 36 hours after infection with acacia-suspended bacteria in mouse locally 
vaccinated. Brown and Brenn stain. XSSO. 
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MENINGOCOCCUS INFECTION. VIII 


For the preparation of S I, autolyzed cultures ^Yere found most convenient. 
This fact has been mentioned before (1, 5) and it is only necessary to repeat here 
that the S I can be obtained by the various methods of extracting young, active 
cultures washed off solid media. However, these methods are more time-con 
suming and give a much smaller yield and for these reasons autolysis in broth 
has been the method adopted. 

The organisms were grown in 1 liter or 2 liter Florence flasks containing 600 cc. 
or 1200 cc. of hormone broth, respectively, at pH 7.0 to 7.2 and containing 0.3 
per cent glucose. The glucose increased the amount of growth and it was found 
that the substitution of this pH for the usual one of 7.6 caused growth to begin 
more readily and proceed more rapidly. The inoculum was 5 to 10 cc. of an 
actively growing culture in hormone broth. The flasks were capped with lead 
foil and incubated at 37°C. After pellicle formation began they were agitated 
daily to break this pellicle and allow new growth to occur at the surface. Growth 
ceased within 10 to 18 days. Each flask was then examined for the presence of 
contaminants in stained smears and if these were found, that flask was discarded. 

Isolation of the Type-Specific Substance 

The fact has already been noted (1, 2) that the protein precipitable 
from Type I meningococcus autolysates by dilute acetic acid, the so 
called nucleoprotein P fraction, carries with it appreciable amounts of 
S I. This reaction has been utilized as the first step in isolating puri- 
fied S I. It was first observed that when the P fraction was pre- 
cipitated by acidifying the broth to pH 4.0 with acetic acid in the 
presence of 1.5 volumes of ethyl alcohol, the S I present was removed 
almost quantitatively from solution (as shown by the precipitin test 
with Type I monovalent antimeningococcal serum’). Since the large 

’ The precipitin test now used shows slight modifications from the method 
previously described (1). Tubes of about 3.5 mm. internal diameter are used. 
The serum is introduced first and the solution carefully layered on top. The 
difference lies in the fact that the overnight reading is usually omitted and the 
immediate, 1 hour, and 2 hour tests are all made by the ring method; t.c., without 
mixing the two fluids. The use of tubes of smaller diameter facilitates this, as 
appreciable mixing of the fluids does not occur even after 2 hours at 37°C. pro- 
vided agitation of the tubes be carefully avoided. More sensitive readings can 
be obtained by this method. It is, however, unsuitable for comparative estima- 
tion of the amount of precipitate which occurs, and for this the method previously 
described is still used. It should be emphasized that the use of a strong beam 
of light and a dull black background against which to observe the tubes not only 
facilitates all readings but is essential for reading finer degrees of precipitin 
reaction. 
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o5 and the supernatant, which contains much pigment and most of the sodium 
acetate, is discarded. The precipitate is dissolved in ISO to 200 cc. of distilled 
water and concentrated in vacuo to a volume of 50 to 70 cc. in order to remove 
the alcohol. Most of the remaining protein is now precipitated by adding the 
calculated amount of ammonium sulfate necessary to produce a 0.7 saturated 
solution; namely, 0.5 gm. per cc. of solution.^ The precipitate, which contains 
very little S I, is collected on soft paper in a Buchner funnel and discarded. For 
removal of the ammonium sulfate the clear, light yellow filtrate is neutralized with 
sodium hydroxide and dialyzed through cellophane^ in a bath of running tap water 
until it gives only a slight test for the sulfate ion. Chloroform is added as a 
preservative. It is usually necessary to concentrate the solution in vacuo once 
during the course of the dialysis. The last of the sulfate is removed by adding 
10 per cent barium acetate solution to the dialysate until further increments 
produce no additional precipitate. The excess barium is removed by adding 
enough sodium carbonate to make a 5 per cent solution and the precipitate of 
barium carbonate and barium sulfate is centrifuged o5. The clear, often colorless 
supernatant is then acidified with acetic acid to pH 4.5, concentrated in vacuo 
to 40 cc. and transferred to a 250 cc. centrifuge bottle. The S I is precipitated 
by adding 4 volumes of ethyl alcohol and centrifuged off after standing in the 
refrigerator 5 or 6 hours or preferably overnight. In the presence of an excess 
of sodium acetate 4 volumes of ethyl alcohol precipitate the S I almost quanti- 
tatively. On centrifuging, the S I forms a compact button of yellowish gum. 
This material is pure enough for serological purposes and if desired may be rinsed 
off with ethyl alcohol and dried in a vacuum desiccator. 

For further purification the gum is dissolved in 20 cc. of 5 per cent copper 
acetate solution. The resultant precipitate, usually small in amount, contains 
the remaining protein and most of the pigment. It is centrifuged off at high speed 
Icav'ing a clear or slightly opalescent supernatant. To this arc added 10 cc. of 
distilled water, 2 gm. of sodium acetate and 3.5 cc. of acetic acid which ensure the 
copper remaining in solution when the S I is precipitated with 4 volumes of ethyl 
alcohol. The SI is dissolved in 3 or 4 cc. of distilled water and if there is much 

^ Since these experiments were completed, it has been found that copper 
acetate solution, buffered at pH 5.0 or slightly higher (just yellow to methyl red 
indicator) by the addition of sodium hydroxide, is much more salisfactorj’ and 
efficient than is ammonium sulfate for the removal of protein at this stage of the 
preparation. The copper acetate is removed by repeated precipitation of the 
S I with 4 volumes of ethyl alcohol from a solution containing 10 per cent sodium 
acetate and sufficient acetic acid to maintain pH 4.0. Optimal conditions for 
this technique have not been completely determined, so that details of procedure 
cannot be given at this time. 

^ Collodion membranes are not suitable. When prepared in the cu 5 tom.ir>' 
manner, they were found to be permeable to the S I. Parchment may be substi- 
tuted for cellophane but is apt to introduce calcium into the product. 
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ization, preferably in the cold.® The precipitate is then homogenized in 1 liter 
of distilled water very slightly acidulated with acetic acid and the suspension 
filtered on hard filter paper sheets 38 cm. in diameter in the refrigerator. The 
filtration is complete in 24 to 48 hours when the filtrate is discarded since it con- 
tains little or no S I. 

Having determined the optimal conditions for the primary adsorption, the 
problem remains to separate the S I from the relatively enormous amounts of 
protein which accompany it (20 to 100 times the amount of S I) and to which 
it seemed to be firmly attached. The combination proved, however, to be a 
loose one and it was possible to dissociate the complex and remove about 90 per 
cent of the protein by reprecipitation at pH 4.8 to 5.0 in the following manner. 
The precipitate of crude P fraction is readily scraped off the filter paper and is 
homogenized in a volume of distilled water not greater than 900 cc. in an Erlen- 
meyer flask. Normal sodium hydroxide is added slowly with stirring until pH 7.0 
is reached and the stirring is continued until aU lumps disappear. 10 gm. of 
sodium acetate are then added (in the absence of this electrolyte reprecipitation 
of the P fraction at pH 4.8 or 5.0 does not occur readily) and dissolved, followed 
by the calculated amount of normal acetic acid (for 10 gm. of sodium acetate 
[Green (6)] ) necessary to produce pH 5.0, namely 35 cc. After the solution has 
stood for 10 to 15 minutes the precipitate may begin to separate leaving a narrow 
ring of clear fluid at the top. If this does not happen, 5 cc. portions of normal 
acetic acid are added with stirring until precipitation does occur. The amount of 
acid needed varies from preparation to preparation and indeed is not critical since 
there is little danger of making the solution too acid by using the procedure de- 
scribed. The precipitation mixture is filtered on hard paper in the refrigerator 
for 24 to 48 hours. The clear, slightly yellow filtrate (pH 4.8 to 5.0; gamma 
dinitrophenol indicator) is neutralized with normal sodium hydroxide and set 
aside in the refrigerator with chloroform as a presers'-ative. The precipitate is 
scraped off the filter paper and subjected once more to the process outlined above 
of solution followed by reprecipitation at pH 4.8 to 5.0. This repetition usually 
calls for more acetic acid than at first. The mixture is now filtered on soft paper 
in the refrigerator and at the end of 24 to 48 hours transferred to a large Buchner 
funnel and sucked dry. It is possible to dissociate a small additional amount of 
S I from the P fraction by a third solution and reprecipitation, but this is usually 
not profitable. The combined neutralized filtrates contain the bulk of the S I 
accompanied by a very considerable amount of protein, colored material and 
sodium acetate. They are concentrated m vacuo to a volume of 150 to 200 cc. 
The S I and protein are precipitated by the addition of 5 volumes of ethyl alcohol, 
the mixture standing overnight in the refrigerator. The precipitate is centrifuged 

3 This, and the succeeding precipitates of the P fraction, are bulky, gelatinous 
and do not pack well when centrifuged. For this reason, filtration has been the 
method generally chosen for collection of this material. It is a slower technique 
but is less laborious and gives more nearly complete separation. 
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insoluble matter the copper acetate treatment is repeated. The S I can be freed 
of all traces of copper by two or more precipitations from acid solution as follows: 
The S I is dissolved in 40 cc. of 10 per cent aqueous sodium acetate and freed of 
insoluble matter by centrifuging; 6 cc. of acetic acid is added and precipitation is 
brought about by the addition of 4 volumes of ethyl alcohol. The product now 
contains S I and varying amounts of a serologically inactive polysaccharide. The 
latter has usually been present in only small amounts and can be removed by 
dissolving the S I in not more than 10 cc. of 20 per cent aqueous sodium acetate, 
chilling the solution in an ice bath and adding 4 volumes of cold acetic acid. After 
1 to 2 hours at 0°C. the inactive material appears as a small amount of gelatinous 
precipitate which is removed either b}' centrifuging or filtering in the cold. 

In certain cases, notably those in which the amount of S I in the original broth 
was scant and in one case where the broth was originally diluted tenfold, SO per 
cent or more of the product at this stage consisted of this inactive fraction. Its 
presence in large amounts was shown by the fact that the product, separated out 
from the sodium acetate solution by means of ethyl alcohol, appeared almost 
immediately as a flocculent precipitate, whereas under these conditions the purified 
S I always separated out slowly (6 hours or overnight at 0-4°C.) as a gum. When 
present in such large amounts complete separation of this inactive fraction from 
the S I was not possible. Fairly good results might be obtained by the acetic 
acid precipitation outlined above, using, however, 40 cc, of 10 per cent sodium 
acetate as solvent and 4 to 10 volumes of acetic acid as precipitating agent. On 
account of the bulky gelatinous nature of the precipitated inactive fraction it was 
necessar}"- to repeat the process. 

The S I is now precipitated in a white, rather gelatinous form by addition of 
4 volumes of ethyl alcohol to the supernatant from the precipitation of the inac- 
tive fraction with acetic acid. The precipitate forms almost immediately and is 
centrifuged off after 15 to 30 minutes. It is dissolved in 40 cc. of aqueous 10 per 
cent sodium acetate and the solution is freed of any insoluble material by centri- 
fuging. The S I is precipitated with 4 volumes of ethyl alcohol as a colorless or 
slightly yellow gum and this last procedure is repeated to ensure complete removal 
of free acetic acid. Finally, the S I is taken up in 10 cc. of neutralized 20 per cent 
aqueous sodium acetate and precipitated by the addition of 200 cc. of absolute 
ethyl alcohol as a white, finely divided product. The precipitate is collected by 
centrifuging and dried in a vacuum desiccator. The yield from 18 liters of broth 
varies from 0.3 to 0.8 gm. 

The product in the finely divided state described is unsuitable for 
analytical work, since it cannot be satisfactorily freed from sodium 
acetate by washing, owing to its tendency to form colloidal suspensions 
in alcohol when an excess of sodium acetate is not present. In pre- 
paring samples for analysis the following method has been used, and 
while this procedure is not entirely satisfactory, nevertheless, owing to 
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acid was added to make a final concentration of 1.0 normal; and hydrolysis was 
carried out at 100°C. for H hour. Longer heating did not increase the yield of 
reducing sugars. The hydrolysate was always neutralized with normal sodium 
hydroxide and diluted to the proper volume before the Shaffer-Hartmann reagent 
was added. 

The ash left after ignition of samples of S I has been identified as a sodium 
phosphate, probably sodium pyrophosphate. It forms a clear melt in the crucible 
at medium red heat, and is readily soluble in water giving a solution strongly 
alkaline to phenol red. No gas is evolved when the ash is treated with dilute 
acid. Solutions of 3 mg. of the ash give an immediate reaction with ammonium 
molybdate reagent. Careful analyses of 20 mg. samples have shown the absence 
of all cations up to the alkali group. For the positive identification of sodium, 
53 mg. of preparation 17 was ashed in a platinum crucible and ignited until all 
the carbon was burned. The ash was dissolved in 1 cc. of distilled water and to 
this solution in a small test tube was added 2 cc. of potassium pyroantimonate 
solution (8). After several minutes the typical heavy crystalline precipitate of 
sodium pyroantimonate began to settle rapidly. There was no evidence of non- 
crystalline precipitate. 

The following experiment showed that the phosphorus is firmly held in organic 
combination. To 2 cc, of 0.1 per cent solution of S I (2 mg.) was added 5 cc, 
of dilute nitric acid and 15 cc. of ammonium nitrate solution (all solutions being 
prepared according to the directions given by Treadwell and Hall (11)). The 
solution was wanned to 50 ° or 60°C. and 10 cc. of ammonium molybdate solution 
at the boiling point was added. A yellow color developed but only a slight pre- 
cipitate of ammonium phosphomolybdate appeared even on standing overnight 
at room temperature. As a control a similar amount of S I was tested after it 
had been boiled for 15 minutes in 50 per cent nitric acid. The test was strongly 
positive as soon as the various reagents had been added. 

Analytical data of several preparations are summarized in Table I. 
Nos. 8 and 9 were early preparations and were not subjected to either 
the copper acetate treatment or the precipitation with 4 volumes of 
acetic acid. Instead they were purified by repeated precipitation 
from a solution of the substance in 10 per cent aqueous sodium ace- 
tate by 4 volumes of ethyl alcohol. It is interesting to note that the 
properties of preparation 9, made from a stock strain, were not signifi- 
cantly different from the properties of the other preparations all of 
w'hich were from freshly isolated strains. The yield in this case, how- 
ever, was very small, being only 0.12 gm. from 40 liters of broth. If 
the early preparations are disregarded it will be seen that, in the last 
four preparations (including 15 B which was not subjected to the 
barium acetate and sodium carbonate treatment) made from three 
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different strains, a product has been obtained with a nearly constant 
composition and an average content of 4.36 per cent nitrogen, 8.91 
per cent phosphorus and 9.59 per cent sodium. On acid hydrolysis 
an average of 45.2 per cent reducing sugars calculated as glucose is 
formed. The average optical rotation is +56.8° for the sodium D 
line. 

The biuret and trichloracetic acid tests have been negative when 
carried out on 10 mg. samples of S I, indicating absence of appreciable 
quantities of protein. Tryptic digestion does not destroy the sero- 


TABLE 1 

Summary of Analytical Data. Type I Meningococcus Specific Substance 


Prepara- 
tion No. 

Strain 

No, 

c* 

H* 

N* 

Asb as 
Na 

B 

Reducing 
sugars on acid 
hydrob'sis 
as glucose* 

[«L* 

Precipitin 

titerf 



fer cent 

per cent 

percent 

percent 

ter cent 

per cent 

desrees 


8 

484 

30.37 

6.0 

4.90f 

10.2 


46.6 

+56.8 



•h 










489 









9 

455 



4.70 

12.7 


44.5 

+55.5 

1:8,000,000 

15 B 

497 



4,53 

9.55 

8.83 

44.7 

+55.9 

1:8,000,000 

17 

497 



4.44 

9.80 

9.01 

47.0 

Era 

1:8,000,000 

18 

502 



4.20 

9.74 

8.93 

44.3 

HE 

1:8,000,000 

19 

503 



4,28 

9.27 

8.88 

44.8 

+58.4 

1:8,000,000 

Average of 15 B, 17, 18 

. 19 

4.36 

9.59 

8.91 

45.2 

+56.8 



* Ash-free. 

1 1^^. T 3 'pe I antimeningococcal horse scrum, 
t Micro Dumas. 


logical activity of the preparations. Addition of a little iodine and 
potassium iodide solution to a 5 mg. sample produces no red or blue 
coloration indicating an absence of glycogen and starch. The Molisch 
test has been positive in dilutions as high as 1 ; 100,000. The orcinol- 
hydrochloric acid test was negative when carried out on a 5 mg. sample 
indicating the absence of pentoses. 

Characteristics and Properties of the Typc-Spccific Polysaceharidc 

The purified S I gives prcdpitalcs vdtli uranyl nitrate, basic lead 
acetate and safranin but not with copjicr acetate, mercuric cliloridc. 
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saturated barium hydroxide, saturated ammonium sulfate, saturated 
calcium chloride or saturated magnesium sulfate. Samples of S I 
have been purified by precipitation with basic lead acetate or uranyl 
nitrate and eluting respectively with sodium carbonate or disodium 
phosphate. However, the yields were poor and the properties of the 
product not different from those of the original material. 

The S I in the form isolated has no acidic properties. When 100 
mg. samples are dissolved in distilled water with a drop of phenol red 
added, the addition of 0.06 cc. of n/10 sodium hydroxide produces the 
end-point. The S I is characterized by its high solubility in distilled 
water and by the difficulty with which it is precipitated. 20 per cent 
aqueous solutions of S I are readily obtained. In the absence of an 
excess of electrolyte such as sodium acetate, the S I is not precipitated 
from aqueous solutions by 10 volumes of absolute alcohol, by 20 
volumes of acetone or by 10 volumes of acetic acid. It is not pre- 
cipitated by 10 volumes of acetic acid even in the presence of sodium 
acetate. It cannot be precipitated from a solution in 50 per cent ace- 
tic acid by adding 8 volumes of ethyl alcohol unless sodium acetate is 
added also. These facts have made impossible the isolation of an 
ash-free product. 

Attempts have been made to secure an ash-free product by dialyzing 
solutions of S I in cellophane bags against distilled water. The 
dialyzed solution was afterwards evaporated to dryness at room 
temperature and the residue, having been dried to constant weight in 
a high vacuum in the presence of calcium chloride or sulfuric acid, 
was analyzed for ash. The recovery of S I was generally poor, pos- 
sibly due to its adsorption on the surface of the cellophane. The ash 
content was the same as that of the original material. In one ex- 
periment a solution of S I was subjected to electrodialysis using parch- 
ment membranes, but since the combined diffusates gave a positive 
precipitin test with Type I antimeningococcal serum, showing that 
the S I had diffused through the membranes, the experiment was 
abandoned. 

The S I remains stable at temperatures around 0°C. at least for 
many months. Thus, preparation 8 was made from broth harvested 
May 16 and 23, 1933. When the preparation was finished, namely 
in September, 1933, the titer was 1:8,000,000. On January 8, 1934, 
a 1:10,000 saline solution was heated for 15 minutes at 100°C. for 
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sterilization. The product after this treatment still titered 

1 : 8 , 000 , 000 . 

The effect of exposure to various conditions on the precipitin titer 
of S I is summarized in Table 11. In a 1 : 5,000 solution in m/15 phos- 
phate buffer at pH 7.0, the S I withstood a temperature of 100° for 
15 minutes. The S I, however, is very sensitive to acid conditions. 

Thus, in a 1:1,000 solution in normal hydrochloric acid the precipitin titer 
had dropped to 1 : 10,000 after 3 hours at room temperature. In a similar experi- 
ment with 0.5 normal HCl, carried out for 1 hour at room temperature, the titer 
dropped to about one-fifth the value for untreated SI. In a 1:1,000 solution of 
S I which stood for 23 hours at room temperature in 0.01 normal HCl the effect 
was not as great but there was a perceptible loss of serological activity. A 1 : 5,000 
solution of S I in 0.2 normal acetic acid-sodium acetate buffer, pH 4.0, was heated 
for Yi hour at 100°C. and almost all of the serological activity w-as lost. Ac- 
companying this loss there is an appearance of varying amounts of reducing sugars 
(7 to 15 per cent calculated as glucose). These appear rapidly (in 15 minutes in 
the case of the experiment in pH 4.0 buffer heated to 100°C.) and then increase 
slowly and in 24 to 48 hours may not reach the maximum value of 45 per cent 
obtained by hydrolysis with strong acid. S I which has not been e.xposcd to 
strong acid shows no reducing action with the Shaffer-Hartmann reagent. 

The exact relationships involved in the acid hydrolysis of S I have 
not been studied, but preliminary rate measurements have been made, 
the results of which indicate that a labile prosthetic group is first split 
off, whereas the bulk of the molecule undergoes a slower degradation. 
It is hoped to carry out a detailed study of this phenomenon, in order 
to determine what grouping or configuration is responsible for the 
serological activity of the S I. 

The S I is only slowly broken down by alkali. 

The test was a severe one since the dilution of S I was 1 : 20,000. Heating this 
in N/140 sodium hydro.xidc at 100°C, for 15 minutes did not affect the serological 
activity while the use of 0.5 normal sodium hydroxide for 1 hour at 100°C. and 
of 10 per cent sodium hydroxide for 3 hours at room temperature caused only 
slight degradation. 

The serological activity of the S I is not affected by e.xposure to 
nitrous acid at room temperature. 

To 1 cc. of a 1:10,000 saline solution of S I were added 0.5 cc. of 30 per cent 
aquMus sodium nitrile and 0.3 cc. of acetic acid (2.4 limes the amount equivalent 
«o the sodium nitrite). A control of 1 cc. of 1 : 10,000 saline solution of S I with 
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37°C. and were then mixed and placed in the refrigerator overnight. All were 
negative. Controls of the S I solutions at 1:10,000 gave a + + + +<1 reaction 
against pooled unabsorbed serum diluted with saline to the same strength as the 
unabsorbed serum. 


TABLE m 


Strum dilutions 



1:8,000,000 

Saline 

Immediate 

=FR 

0 

0 

0 

1 hr. at 37°C 

+R 

±R 

=FR 

0 

2 hrs. at 37°C 

++R 

±R 

=FR 

0 


Precipitin test with Lot IS B against third bleeding Tj^e I horse serum using 
the ring test. 

^ indicates the formation of a precipitate at the line of junction of the fluids. 


TABLE IV 


Serum dilutions 

1:100,000 

1:1,000,000 

1:2,000.000 

1:4,000,000 

Saline 


++ 

+ 

ri: 

=T= 

0 


Precipitin test carried out with 0.5 cc. portions of antigen and serum in the 
orthodox method of precipitin tests. The mixture stood for 2 hours at 37®C. 
and overnight in the refrigerator. 

Lot 17 of S I was used and seventh bleeding Tj’pe I horse serum. 


TABLE V 


Scrum dilutions. , . . 

1:100 

1:1,000 




1:2,000,000 


Saline 

Rabbit Type I 

H — h'* 

++'> 

++'* 

++■* 

-}-R 

+R 

0 1 


Rabbit T>'pc II 

±R 

0 

0 

0 





Horse Type I 





+ + R 

+ R 

g-R : 

tc 

Horse Tj-pc 11 


0 

0 




{ 



indicates the formation of a disc-like precipitate not broken by agitation. 


r£sum£ 

The isolation and preparation of the t> 7 }e-spccific polysacdiaridc 
(S I) of the Tj-pe I meningococcus from hormone broth autolysates is 
<icscribcd. As had been noted before, the S I is carried down with 
the so called nudeoprotein or P fraction at pH 4.0, a reaction which is 
J^pcctfic since attempts to repeat it with, for c.xample Ts-pe II mcnin- 
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the S I is unaffected by tryptic digestion and fails to give a biuret 
test. If the nitrogen is present as amino nitrogen it is not vitally 
concerned with the serological activity for the latter is unaffected by 
treatment of the S I with nitrous acid. 

Specimens of S I react in dilutions of 1 : 8,000,000 with Type I mono- 
valent antimeningococcus serum but not higher than 1:100 vith 
heterologous sermn. Cross-absorption tests show the immunological 
identity of the various specimens of S I which have been obtained. 

SUMMARY 

The Type I meningococcus specific substance has been isolated and 
purified. It appears to be a sodium salt of a polysaccharide acid. 
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The lipoidal components of tubercle bacilli have been subdivided 
by Anderson (1) into phosphatide, so called v^ax, and acetone-soluble 
fat. A portion of the wax is unsaponifiable. In contrast to the ace- 
tone-soluble fat, the phosphatide and imsaponifiable wax are compara- 
tively homogeneous. Each has been obtained in relatively pure 
chemical form; the composition of each has also been determined. 
The cellular reactions induced in animals by Anderson’s tuberculo- 
phosphatide and unsaponifiable wax have been studied by Sabin and 
Doan (2), Sabin, Doan, and Forkner (3-6), Sabin (7-10), and Smith- 
bum and Sabin (11). As a result of these studies it was found that 
each of these fractions caused an extensive but relatively simple cellular 
reaction. The phosphatide induced the formation of tubercle-like 
masses or nodules of epithelioid cells and Langhans giant cells. These 
^ere surrounded by lymphocytes and often showed caseation, although 
r^cssion of the reaction proceeded by other means. The unsaponifi- 
^ e wax, when injected into normal animals, caused an extensive 
reaction characterized by foreign body giant cells, monocytes, young 
ronnective tissue cells, and smaller numbers of epithelioid cells. 
<late {\ 2 )^ will be reported in greater detail at an early 

^ lipoidal component separated by Anderson (1) from 

^r c acilli, namelj’^ the acetone-soluble fat, was a soft, brown. 
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salve-like solid having an odor not unlike that emanating from cul- 
tures of tubercle bacilli. On analysis Anderson (1) found this material 
to be free from nitrogen, phosphorus, and sulfur and to contain large 
amounts of free fatty acids. Butyric, palmitic,, stearic, cerotic, 
linoleic, linolenic, tuberculostearic, and phthioic acids were present, 
the latter in large amount. The phthioic acid was identical with that 
isolated on hydrolysis of the tuberculo-phosphatide. The latter was 
found by Sabin, Doan, and Forkner (6) to be the only cleavage product 
of the phosphatide having the capacity to induce the formation of 
tubercular tissue. It was not surprismg, therefore, in the present 
study to find that epithelioid cells were present in the cellular reaction 
to the acetone-soluble fat. The cellular responses to this lipoidal 
component of Mycobacteria were discussed in a preliminary report by 
Smithburn and Sabin (13). In the present communication the details 
of this study are discussed and illustrated. It will be shown that the 
acetone-soluble fat is the most irritating of the lipoids studied in this 
series of investigations. Moreover, it causes hemorrhage and the 
formation of adhesions, an observation which may throw some light 
on the occurrence of these conditions in clinical tuberculosis. It will 
also be shown that much of the irritant action of the acetone-soluble 
fat is due to its acidity, and may be partly eliminated by neutralization 
of the lipoid. Neutralization, it will be shown, prevents much of the 
hyperemia and hemorrhage otherwise induced but does not prevent 
the formation of tubercle-like structures and adhesions. For purposes 
of comparison similar studies have been made of the acetone-soluble 
fat from streptococci, prepared by and received through the courtes)*- 
of Dr. M. Heidelberger of Columbia University, The streptococcus 
acetone-soluble fat likewise induces extensive cellular reaction, which, 
however, is devoid of epithelioid cells. 

M elJiods 

Normal rabbits and guinea pigs were used in the experiments. The lipoid was 
injected intrapleurally into two animals; in all others intraperitoneally. Some of 
the animak received a single injection; others daily repeated doses. Since the 
acetone-soluble fat was insoluble in water, in the first experiments it was sus- 
pended in mineral oil for injection. The lipoid suspended in mineral oil was in- 
jected into twelve rabbits and two guinea pigs. One rabbit received the melted 
fat without any vehicle. Later, however, it was found that if the material was 
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first neutralized with n/10 NaOH, it could then be mixed with water to form a 
fairly stable suspension. The neutralized acetone-soluble fat or neutralized split 
products of tuberculo-lipoids were injected into rune rabbits. The effects of the 
streptococcus acetone-soluble fat were studied in six rabbits. Each animal was 
killed, at a suitable period after injection, by intravenous injection of air. The 
fresh tissues were studied by the supravital method; sections were prepared in the 
usual manner and stained with hematoxylin and eosin. 

Mineral oil suspensions of the acetone-soluble lipoids from human, bovine, and 
avian tubercle bacilli and from M. phlei were used in the fiirst studies. Since the 
lipoids from each of these sources induced indistinguishable reactions, the animals 
injected with these materials will be discussed as a group. The animals used for 
each lipoid, the number of injections, interval between last injection and autopsy, 
and macroscopic characteristics of the reactions induced are recorded in Table I. 


Results •with the Acetone-Soluble Fats as Such 

Since the animals included in Table I showed essentially the same pathologic 
features, they will be discussed as a group. Each animal (R 2033,* R 2036, R 1915 
—Table I) which received a single intraperitoneal injection of the acetone-soluble 
fat showed a moderately extensive cellular reaction in the peritoneal cavity. The 
omentum, mesentery, peritoneum, and diaphragm were especially involved. A 
single injection caused no adhesions and only moderate hyperemia. The cellular 
reaction was of very mixed character and in many respects like that occurring 
after repeated injections, although much less extensive. The predominating cells 
were in each instance granulocytes, monocytes, and clasmatocytes. In R 2033 
and R 2036 (Table I) , no epithelioid cells were found in the reaction. This is not 
surprising as it is known that about 4 days are required for these cells to form. 
The animals which received repeated injections each showed marked hyperemia of 
all peritoneal surfaces and especially of the omentum. Fig. 1 shows the marked 
cellular and vascular reaction in the omentum of Rabbit R 2034, after ten injec- 
tions. Some animals showed gross hemorrhage. All showed extensive adhesions. 
Usually the liver, spleen, omentum, and a loop of intestine were bound together 
into a mass. The omentum or intestine, or both, were in some instances adherent 
to the parietal peritoneum. Fig. 3 shows marked proliferation of fibroblasts in a 
section of the parietal peritoneum which was adherent to the omentum and intes- 
tines (from Rabbit R 2034). The adhesions were somewhat friable and vascu- 
arized. There were yellow colored nodules of cellular reaction and necrosis 0.1 
to 0.6 cm, in diameter, scattered over all the abdominal viscera. The omenta were 
wrussivcly thickened in each instance and very hj-pcrcmic. Macroscopic hemor- 

ngc was present in some animals and microscopic hemorrhage in all. The 
00 ulcs d escribed above were often numerous in the omentum. The retrosternal 

arc serial numbers of animals used in this laboratoiy- during a period 
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first neutralized with n/ 10 NaOH, it could then be irdxed with water to form a 
fairly stable suspension. The neutralized acetone-soluble fat or neutralized split 
products of tuberculo-lipoids were injected into nine rabbits. The effects of the 
streptococcus acetone-soluble fat were studied in six rabbits. Each animal was 
killed, at a suitable period after injection, by intravenous injection of air. The 
fresh tissues were studied by the supravital method; sections were prepared in the 
usual manner and stained with hematoxylin and eosin. 

Mineral oil suspensions of the acetone-soluble lipoids from human, bovine, and 
avian tubercle bacilli and from M. plilei were used in the first studies. Since the 
lipoids from each of these sources induced indistinguishable reactions, the animals 
injected with these materials will be discussed as a group. The animals used for 
each lipoid, the number of injections, interval between last injection and autopsy, 
and macroscopic characteristics of the reactions induced are recorded in Table I. 

Results with the Acetone-Soluble Fats as Such 

Since the animals included in Table I showed essentially the same pathologic 
features, they wiU be discussed as a group. Each animal (R 2033,* R 2036, R 1915 
—Table I) which received a single intraperitoneal injection of the acetone-soluble 
fat showed a moderately extensive cellular reaction in the peritoneal cavity. The 
omentum, mesentery, peritoneum, and diaphragm were especially involved. A 
single mjection caused no adhesions and only moderate hyperemia. The cellular 
reaction was of very mixed character and in many respects like that occurring 
after repeated injections, although much less extensive. The predominating celk 
were in each instance granulocytes, monocytes, and clasmatocytes. In R 2033 
and R 2036 (Table I), no epithelioid cells were found in the reaction. This is not 
surprising as it is known that about 4 days are required for these cells to form. 
The animals which received repeated injections each showed marked hyperemia of 
all peritoneal surfaces and especially of the omentum. Fig. 1 shows the marked 
cellular and vascular reaction in the omentum of Rabbit R 2034, after ten injec- 
tions. Some animals showed gross hemorrhage. All showed extensive adhesions. 
Usually the liver, spleen, omentum, and a loop of intestine were bound together 
into a mass. The omentum or intestine, or both, were in some instances adherent 
to the parietal peritoneum. Fig. 3 shows marked proliferation of fibroblasts in a 
section of the parietal peritoneum %vhich was adherent to the omentum and intes- 
tines (from Rabbit R 2034). The adhesions were somewhat friable and vascu- 
arizcd. I here were yellow colored nodules of cellular reaction and necrosis, 0.1 
to 0.0 cm. in diameter, scattered over all the abdominal viscera. The omenta were 
inassucly thickened in each instance and verj' hypcremic. Macroscopic hemor- 
isgc was present in some animals and microscopic hemorrhage in all. The 
not u es d escribed above were often numerous in the omentum. The retrosternal 

nf vearr'^ numbers of animals used in this laboratorj- during a period 
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lodes were always more or less enlarged and often hemorrhagic. Peripheral 
ymph nodes and remote viscera were never involved. Microscopically the cellu- 
ar reaction was extremely complex. The blood vessels were widely dilated (Fig. 
I, R 2034). Often there was evidence of new formation of capillaries. There 
vere always small or large areas of hemorrhage. Every variety of connective 
lissue cell appeared to be markedly stimulated. There were many granulocytes, 
indifferentiated connective tissue cells, monocytes, epithelioid cells, clasmato- 
:ytes, lymphocytes, fibroblasts, and plasma cells in the reaction. A characteristic 

TABLE I 


Animals Which Received Acclone-Soluble Tuberculo-Lipoid 


Animal 

No. 

Acetone- 
soluble fat 

Suspended in 

No. 

daily 

injec- 

tions 

Mg. 

per 

dose 

Autopsy 
after last 
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it it 
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1 

+ 
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it 

<< 
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1 
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++ 

++ 
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t< 
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R 1915 
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1 


6 

++ 
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0 
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it 




1 
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++ 

-I — ! — h 
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it 
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2 
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1_ 

-1-1-f 
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4 
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19 
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-1-1-k 

R 2100* 

H 
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ft it 

It 


20 

H — ! — 1 — h 

0 
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* Guinea pigs, 
t Intrapleural. 


area of the omentum of R 2034 showing the complexity of the reaction is shown in 
Fig. 2. Undifferentiated ceUs and monocytes predominated, although in many 
areas there was tremendous proliferation of fibroblasts (Fig. 3, R 2034). Fre- 
quently multinucleated cells were present; often there were foci of necrosis. In 
every animal receiving the repeated intraperitoneal injections the omentum was 
much too thick for supravital stud}' of films. In these instances scrapings were 
examined. 

One animal, Rabbit R 2794 (Table I), received a single intraperitoneal injection 
of the acetone-soluble fat undiluted. In this instance the lipoid was melted in a 
syringe, then cooled to about 40°C., and injected, without being suspended in 
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toxic or irritating. Necrosis occurs within the lesions; and these 
necrotic areas appear to be excellent foci for the multiplication of any- 
remaining viable organisms, since it is here that the greater number of 
organisms are often found. Thus there is set up a vicious cycle: 
lesions are produced by living and dead organisms, necrosis or casea- 
tion occurs, and the result is a focus wherein viable organisms seem to 
thrive best. 

The complexity of the lesions may be in part due to secondary re- 
actions; that is, bacilli which are phagocytized and destroyed may 
liberate products which in turn destroy cells, further liberating toxic 
products. Moreover, the chronicity of the disease and of the specific 
lesions is no doubt due in large part to the resistance of the bacillus 
itself and of its degradation products, to physical or chemical forces. 

Previous investigations have revealed that tubercle bacilli contain a 
lipoid (phosphatide) which is phagocytized by monocytes when 
injected into experimental animals (11). The monocytes then be- 
come epithelioid cells, and tubercles are formed which differ from those 
in the disease only in that the former contain no bacilli. In the 
present study it is further shown that the acetone-soluble fat likewise 
can induce tubercle formation, cause a profound vascular or hem- 
orrhagic reaction, and stimulate the proliferation of fibrous tissue, 
causing adhesions. The material also possesses marked non-specific 
irritant properties. That the latter, as well as the hemorrhagic aspect 
of the reaction, is due to acidity of the lipoid is shown by the fact that 
neutralization reduces or eliminates both phenomena. However, 
neutralization does not eliminate or diminish the capacity of the ace- 
tone-soluble fat to produce tubercular tissue and adhesions. The 
tuberculogenic property of the acetone-soluble fat is due to its content 
of phthioic acid; the specific tuberculogenic activity of the latter is not 
diminished by neutralization. 

A study of the cellular reactions induced in normal animals by ace- 
tone-soluble lipoid from streptococci shows that the latter has no 
specific tuberculogenic activity; the reaction in other respects, however, 
is qualitatively and quantitatively similar. 

The facts observed in some of the recent studies regarding the be- 
havior of cells toward foreign substances seem about to throw some 
light on the phenomenon long described as chemotaxis. The behavior 
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EXPLANATION OF PLATES 
Plate 38 

Fig. 1. Section of omentum of Rabbit R 2034 after ten daily injections of 50 
mg. of acetone-soluble fat from bovine tubercle bacilli. Autopsy 24 hours follow- 
ing last injection. Note very marked cellular reaction and especially vascular 
dilatation and proliferation. Hematoxylin and eosin stain. XI 40. 

Fig. 2. Another area in the omentum of the same animal as in Fig. 1. Note 
complexity of cellular reaction in which there are granulocytes, clasmatocytes, 
lymphocytes, monocytes, and epithelioid cells. Hematoxylin and eosin. X 1300. 

Fig. 3. Marked proliferation of fibroblasts in an adhesion between parietal 
peritoneum, omentum, and intestine. Rabbit R 2034. Hematoxylin and eosin. 

xioso. 

Fig. 4. Omentum of Rabbit R 2794 after a single large injection of undiluted 
acetone-soluble fat from human tubercle bacilli, showing a tubercle-like focus of 
reaction. The cells in this nodule were epithelioid cells, lymphocytes, and poly- 
morphonuclears. Hemato.xylin and eosin. Xl40. 

Plate 39 

Fig. 5. Section from the omentum of Rabbit R 2718 after ten injections of 50 
mg. each of neutralized acetone-soluble fat from human tubercle bacilli. Note 
extensive cellular reaction in which there are tubercle-like clusters of epithelioid 
cells (arrow) surrounded by lymphocytes. Hematoxylin and eosin. X140. 

Fig. 6. Another area in the same section as in Fig. 5, showing two large rosette 
giant cells. Hematoxylin and eosin. X8S0. 

Fig. 7. Section from peritoneum of Rabbit R 2168, showing reaction to ten 
intraperitoneal injections of 17.5 mg. neutralized phthioic acid. Lymphocytes, 
monocytes, and epithelioid cells predominate in this area. Hematoxylin and eosin. 
X850. 

Fig. 8. Section of the omentum of Rabbit R 2015 after five intraperitoneal injec- 
tions of 25 mg. each of streptococcus acetone-soluble fat. Shows marked cellular 
and vascular reaction similar to that produced by tuberculo-acetone-soluble fat 
(compare with Fig. 1). The reaction to streptococcus lipoid, however, is devoid 
of epithelioid cells. Hematoxylin and eosin. X 140. 
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variations of less than 1 degree and never more than 2.5 degrees. A drop of about 
0.5° was usual. 

All readings were made in a dark room with the tubes held against a black back- 
ground in such a way that a beam of light entering at the top gave diffuse illumina- 
tion of the material at the bottom; and all determinations were made under a 
binocular microscope magnifying about 15 diameters. After inspecting the tubes 
and noting the character of the sediment as described by Gates (8), they were all 
gently shaken in the same way while still under the microscope. The flocculi of 
agglutinated organisms in tubes showing incomplete or partial agglutination could 
be seen lying like snowflakes upon the homogeneous layer of sediment. On shak- 
ing these rose into the supernatant fluid and appeared like snowflakes, while the 
more closely packed sediment of unagglutinated bacteria remained at the bottom of 
the tube and only on further shaking rose in a spiral to be distributed through the 
fluid in an even cloud. If all the sediment rose as large flocculi and these were 
found floating in a clear fluid the agglutination was called complete. When 
large flocculi were found in a slightly cloudy fluid, agglutination was deemed in- 
complete, and it was considered partial if the flocculi were small. The last tube in 
which small but strong flocculi indubitably remained when examined 10 minutes 
after shaking, was considered the end-point. 

In the experiments in which microscopic agglutination reactions were done only 
freshly grown, actively motile cultures were used and the fluids to be titrated were 
measured with 0.1 cc. quantitative Bureau of Standards pipettes. The fluids 
mixed in porcelain test tablets were used for hanging drop preparations. All end- 
points were determined 1 hour after mixing. Saline controls were employed in all 
tests however done. When agglutination occurred in these the tests were dis- 
carded. 

The antigens used to induce agglutinin formation were, save where specifically 
mentioned, heat-killed cultures of organisms suspended in saline. As in all but one 
instance the organisms belonged to the Salmonella group, great care was exercised 
to avoid all R forms, using only the S forms, because of the superiority of the latter 
organisms as a source of antigen (9-11). To accomplish this end agar subcultures 
only 16-18 hours old Avere used which showed the characteristics of S forms. The 
killed organisms were suspended in 0.2 per cent saline instead of 0.85 or 0.9 per cent, 
and, in performing the agglutination reactions the sera and tissue extracts were 
diluted Avith 0.2 per cent saline to avoid the non-specific agglutination described by 
Arkwright (9, 10), and Avhich occasionally occurs with employment of physiological 
saline solutions. 

A further effort was made to standardize the suspensions of organisms employed. 
The killed organisms in each 10 cc. agar slant were removed inMcc. of 0.2 per cent 
saline, and the suspension, diluted five times further with the same solution, was 
filtered to break up clumps. A suspension of paratyphoid B bacilli AA'as the first to 
be made up in this Avay. Later suspensions of the same or different organisms were 
brought to appro-ximately the same turbidity by diluting until the appearance of 
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FOEMATION OF AGGLUTININS WITHIN LYMPH NODES 


on one side and diphtheria toxin on the other. The latter was uti- 
lized to produce local inflammation without introducing an agglutinin- 
forming antigen. In these experiments the ears and nodes on both 
sides became inflamed and swollen but not quite to the same degree, 
the nodes on the side injected with paratyphoid bacterin becoming 
slightly larger. The possible effects of the difference will be con- 
sidered below. 

In the experiment yielding the results recorded in Table IV, about 0.03 cc. of 
the paratyphoid B bacterin was injected intradermally on 2 successive days into 
the right ears of 20 mice. Schick test toxin 0.03 cc. was injected intradermally at 
the same time into the left ears. After 7 days more the animals were bled under 
ether anesthesia and the nodes on the right and left sides were extracted and 
titrated for agglutinin content by the microscopic method. Sections of the nodes 
from both sides appeared similar under the microscope. 

As Table IV shows, paratyphoid agglutinins were present in the 
extract from the right nodes, that is to say, on the side injected with 
killed paratyphoid organisms. Agglutination was strongly positive at 
a dilution of 1 to 120 and faintly positive at 1 to 240. Much less 
agglutinin was present in the serum, tests being positive at 1 to 60 
and negative at 1 to 120, No agglutinins were demonstrable in the 
extract of the nodes on the side injected with diphtheria toxin. The 
ears on this side were markedly inflamed but slightly less so than on 
the opposite side. 

If, in the earlier experiments, agglutinins formed elsewhere in the 
body were taken out of the blood by the inflamed nodes on the in- 
jected side or had seeped through the permeable blood vessels of the 
inflamed ear to be drained to the lymph nodes and accumulate there, 
surely some should have been found in the present experiment on the 
side on which diphtheria toxin was injected. This was not the case 
and so the findings indicate that the antibodies present in the right 
lymph nodes had been formed there. 

The experiment still left much to be desired. The nature of the 
antigens differed, one an emulsion of killed bacilli, the other a cell- 
free fluid toxin, and it seemed possible that the results might in some 
way depend upon this difference. For example, in the ear injected 
with the emulsion of bacilli, many of the organisms no doubt remained 
in situ for a time. Lymph drainage from such an area might con- 



\ \ \ 

'r^ir^\ 1 

toys-, ■»“'■ \ a« \ 

^ vjeaW V J^irads oj 


lilU’*^ \ ^ciW“?S«tc<A'^-,V '=<VAct \ 

‘"^--:========^^ It\.t\„-..v.t^'”'vc,d\»'^'' I0«a \_- 


Ccrv'CO‘^^^;^=i====^^ \ ^?xu«?S«ud\KV^VAct'«M 

Ji======='^\ • n, oA aA><= \o-,.V,V '”'fo.d\ *''" 'io«n \ 

SS»S5^\_^'r^\ . \; 




\20 \ 

2A0 ' 

i \ in 

\ M?’ 

\ a56 


. ;Vc no-'‘« "^^cacUoA'^ 

\a\ct '■'•%,„^jr.aVAO^ tca'^ ctndr'^^*^ 


794 


formation of AGrtTrr 

^ WiTirm r 

the titrations. The o . Nodes 

C:ir‘-“srr=,-;rr— 

so at 1 to 120 in ttf '!? ‘ ^ 128 in °” 

“ ‘hose dilutions thouai, • ^he tests of T “^«»ent and 

respective^, Positive or weaH; ^e negative 

, '^^periment strong, ’ or 1 to do 

^ymph nodes, for thp ^^Sgests the formof 

^g^otinin; anybody had “t® ^de ywL°^ '"'‘hin 

. .1*0 “flanunation n ° l^oesed to them fro ° demonstrable 

“jected with paratvol, ^^loUnin present ' ? *l“°d in soite 

“bodies from th^^d bacterin didTot 1 “ t on tteZ" 

oohsequent dr^mlg^ m tb “‘erSS y **0 seepage of 

-^X'tth^r both ears ‘ 

SSSkHdi.. Wldrid, "j 0. 1.. ddd, 

“Cr;.- 

dilated blood vXe|f^®?‘'‘.'"“ “ the bhod^thm I*® 

hilfed a^d ^doo- resp:?t:rtr “^ot ^nTr 

actons were done by 2f “d sera obtahlT “™al! 

‘he titre of agg,uti„;^ in fh“‘"T'’'’“ “«*od. a, ^Sf “'i"ation re- 
out once a^ain tf, of th^ tv, . ^^ble Vl <;h^ 

^-ghttorCttfelf-''-^^ 'he al^taiLt 

“ both sides showed no diff"^^"' “'"oscopic studi ”°de ^as 
^rWe ff ® ”»des 

A ‘hhd Letf r 

e' eg^iutinin ^-“d ‘o showtr T' 

Place Within 


P TTTT.TP D. IICSIASTER AXD STEPHEN S. HtTDACK 


795 


antigens of a similar nature were employed; that is to say, suspensions 
of various killed organisms which would call forth agglutinin forma- 
tion, and at the same time induce approximately the same degree of 
inflammation in the injected ears and in the regional lymph nodes. 

One bacterial suspension was injected intradermally into the right 
ears and the other into the left ears. Several days later the titre of 
both specific agglutinins was determined in the sera and lymph node 


TABLE VI 

Agglutinins for B. paralyphosus B in the Sera and in Extracts of Right and Left 
Cervical Nodes and in the Sera of Mice Injected as Described us the Text 
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+ + = incomplete agglutination. 

+ = partial agglutination. 

± = weakly or dubiously positive agglutination. 


e.xtracts from both sides as will be described below. Organisms were 
used which gave no cross-agglutination. 

In a preliminary experiment five scries of ten mice each were injected three 
times, on successive days, intradermally in both cars, with about 0.02 cc. of hcat- 
killcd emulsions of five dificrent organisms, B. typhosus, B. pjratyphesus H, B. 
entcrilidis, B. coH and B. prodigiossis, one organbm only in each 5 c.’'ics of mire. 
The baclcrins were prepared in the usual manner from 16-lS hour agar slants of 
the organL'ms, killed by heating and dilutc<l until each ap;>eared as turbid as the 
sus]-vcnfions of organisms used in the prccctling experiments. Every 2nd dav, 
following the injection.s, two of each scries were killed and the IjTnph r.'vlcs re- 
moval for comparison. In all a pronounccti inf-ammalory r-v. tiling of the b.-mp.!! 
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nodes occurred, B. prodigiosus producing marked lymphangitis and enlargement. 
This was to be expected from the recent findings of Rosahn (12), who reported 
definite pathological changes in mice injected intravenously with B. prodigiosus. 
Two other groups, each of 20 mice, were then injected with B. cnlerilidis and 
B. prodigiosus respectively. After 2 weeks the sera of these mice were tested 
for cross-agglutination and none found. Sections of the lymph nodes inflamed 
by the two organisms showed no differences when studied under the microscope. 
Since similar lymph node swellings were obtained and separately distinguishable 
specific agglutinins were present in the node extracts, these two organisms were 
used for the following experiments. 

Forty-five mice, approximately 30 gm. in weight, were given three intradermal 
injections of the two bacterins on successive days. In the right ears 0.02 cc. of 
B. enieritidis suspension was injected and in the left the same amount of killed B. 
prodigiosus. On the 8th day after the last injection the Ijunph nodes and sera were 
taken. The nodes of the same side were pooled in two lots, one of which was 
ground and extracted with 0.2 per cent saline solution, the other with the mixture 
of equal parts of the saline solution and glycerine. To half the pooled serum 
glycerine was added in amount corresponding to that present in the node extracts. 

Determinations of agglutinin concentrations were made upon the fresh material, 
using the centrifugation method of Gates (8) (Experiment lb, Table VII), and 
also the microscopic method (Experiment la, Table VII). As the end-points of 
the titrations showed no significant difference between the glycerine-saline and the 
plain saline solution extracts, only the results with the latter are given in the table. 

The highest concentration of B. enieritidis agglutinin was found in 
the extracts of the lymph nodes from the side injected with that anti- 
gen, two to four times as much as in the serum. The serum in turn 
contained more agglutinin for B. enieritidis than did the extract of 
the nodes from the other side. This despite the fact that the nodes were 
equally inflamed, as judged by their size and appearance in the gross 
and in microscopic sections. In a corresponding manner the extract 
of lymph nodes from the side injected with killed B. prodigiosus con- 
tained the highest concentration of B. prodigiosus agglutinin with 
much less in the serum and least in the lymph node extract from the 
side injected with B. enieritidis. 

It is noteworthy that the concentration of each of the agglutinins 
was greatest in the lymph nodes on the side injected with the corre- 
sponding antigen and least in the lymph nodes on the opposite side. 
The concentration in the serum stood midway betw^een the tw'O. Had 
agglutinins been formed elsew^here than in the nodes, this distribution 
could not have occurred. 
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the nodes on the other side showed the least agglutinin for this organ- 
ism. Almost similar findings resulted from the determination of 
agglutinins to B. prodigiosus. The highest titre occurred in the node 
extract from the side injected with killed B. prodigiosus. It was much 
less in the serum and in the node extract from the side injected with 
B. enteriiidis. 

It is to be noted in this connection that in all but one of these 
experiments (1 a, Table VII) the agglutination reactions were done 
by the centrifugation method, using node extracts in these experiments 
as strong as 1 in 32 or 1 in 64. As the figures enclosed in broken 
lines, in columns 5 and 6 show, positive agglutination occurred at 
this concentration for B. prodigiosus in the extract of nodes from the 
side injected with B. enteriiidis (column 6), and vice versa in column 5. 
At such concentrations the effect obtained may have been due to 
non-specific flocculation. However in Experiments IV and V in this 
table, in which the animals received more injections of antigen and 
as result were highly immunized, we still found the same effect even 
at high dilutions. We conclude therefore that our findings are due 
to true agglutination in all the experiments shown in the table. 
Should the effect shown in columns 5 and 6 have been due to non- 
specific flocculation in any of the experiments it would serve as still 
more definite evidence that agglutinins for a bacterium are formed 
only in the nodes of the side injected with that organism. 

Variations in the Concentration of Agglutinins in Lymph 
Nodes and Serum 

The findings show clearly a formation of agglutinins within lymph 
nodes. And in the course of the experiments, other evidence was 
obtained pointing to the phenomenon. The titre of antibody in the 
lymph nodes and sera varied greatly with the conditions of the experi- 
ment. Vffien antigen was injected only once or twice and the con- 
centration of antibody in serum and Ijunph node extract sought 
shortly thereafter, far more agglutinin was found in the latter than in 
the former. But when repeated injections of antigen were made and 
the interval between the time of first injection and examination was 
delayed, for example for 12-21 days, the titre of antibody both in 
lymph node extract and serum was greatly increased but the concen- 
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FORMATION OF AGGLUTININS WITHIN LYMPH NODES 


in the lymph nodes than in the blood but late in the process the find- 
ings might be reversed. 


DISCUSSION 

The experiments just described demonstrate the formation of agglu- 
tinins by lymph nodes. The finding throws some light upon the 
phenomena of defense to infection entirely by way of the skin and 
mucous membranes. In earlier papers from this laboratory (1) we 
have shown that every scratch, puncture or incision of skin ruptures 
the minute lymphatic capillaries and that, when ruptured or incised, 
they remain open (2, 5) for many hours, affording an opportunity 
for infection. Somewhere along the lymphatic channels body 
defenses must be active. When vital dyes are placed in superficial 
cuts (1, 2) they are drained by the lymphatics to the regional nodes. 
Our present work shows that in the lymph nodes there exists a strong 
humoral defense mechanism appropriately situated upon the route 
of the invading infection. Earlier work of others has shown that 
lymph nodes sieve out large numbers of bacteria injected intrave- 
nously or subcutaneously (13-15) and hold them in situ. It seems 
only natural that antibodies should be formed in very high concen- 
tration in the organ in which antigen is itself held. 

Much has been written of the mechanism by which so called local 
injections of vaccine or other antigens confer general immunity. Our 
earlier paper (1) showed that intradermal injections are largely intra- 
lymphatic and substances so introduced are rapidly carried by the 
lymphatics to the regional lymph nodes even in the resting arm. The 
same must be true when antigen is dinically injected intradermally 
in a patient’s arm to produce a “local” reaction. In view of the 
findings now reported, one must suppose that some part of the 
immunity conferred by the procedure is developed through the ac- 
tivities of the lymph glands. 

From certain of our findings it seems probable that an intradermal 
injection need not be wholly intralymphatic in order to incite a for- 
mation of antibodies in the lymph nodes. That is to say, lymphatic 
capillaries need not be broken in large numbers to cause transport of 
the antigen to the nodes; for apparently lymphatic absorption occurs 
whether the channels are injected or not. For example, in repeatedly 
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804 POEMATION OF AGGLUTININS WITHIN LYMPH NODES 

spots when antigen was directly added. However, when living animals were first 
injected with antigen and the organs removed later and cultured in vivo agglutinins 
were demonstrated. 

One further point deserves emphasis. The experiments described 
in this work were planned to demonstrate whether or not agglutinins 
are formed within lymph nodes; the findings throw no light on the 
subject of antibody formation elsewhere in the body. There seems 
to be no good reason to consider the lymph nodes as the sole site of 
antibody origin. 


SUMMARY 

Agglutinins are formed within the draining lymph nodes of mice, 
following intradermal injections of killed cultures of microorganisms. 
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RABBIT POX 


III. Report of an Epidemic with Especial Reference to 
Epidemiological Factors 

By harry S. N. GREENE, M.D. 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, March 19, 1935) 

Descriptions of an epidemic disease in rabbits comparable with 
small pox in man were given in a previous paper (1). Pearce, Rosahn 
and Hu (2) found that the disease was caused by a filterable virus of 
the pox group which was closely related to vaccine virus but not iden- 
tical with either the neurotropic or dermotropic form. From their 
investigations, it may be inferred that the causative agent is either a 
variant of one or the other or a distinct virus. 

The infection produced by this virus is capable of spreading among 
rabbits and may produce an epidemic much like small pox in man. 
As was pointed out in previous papers, the epidemic occurred in 
an animal population which had been under close observation for a 
period of years and contained a variety of radal tj^pcs and groups 
which were known to differ radically in their constitutional poten- 
tialities. An unusual opportunity was thus offered for the study of 
epidemiological factors. 

The object of the present paper is to record the essential facts con- 
cerning the origin of the epidemic, the source of infection and its 
spread through the colony and eventual disappearance, together with 
crude mortality data for different periods of the epidemic. Particular 
attention wll be given to events of epidemiological significance pre- 
ceding the outbreak. Consideration of selective variations in sus- 
ceptibility which were disclosed by the epidemic vail lx; reserved for 
another paper. 

Composition of the Population 

O.T Dec. 20, 1932, the colony cont.iinc<i 591 adult? .i.-id 524 rabbits under 2 
months of .irc. During the first 4 svechs of the rpMr.nilc, 291 livi.nf; vc.uny we-c 
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born, thus increasing the exposed population to a total of 1706. These animals 
were distributed among fifteen pure breeds and two groups of hybrids. 

With few exceptions, the animals were bred and reared in the colony and no 
new stock had been brought into the breeding rooms proper since the previous 
spring. From time to time, however, animals were purchased from outside sources 
for certain classes of experiments, and these were brought into contact with one 
division of the breeding colony. Animals under experimental observation and 
stocks purchased for such purposes are not included in these reports. 

Most of the adults were in active breeding service during the fall and until 
Dec. 16 when all matings were discontinued. From that time until Feb. 17 the 
male population was idle. During the first 4 weeks of the epidemic, however, 
there were a number of pregnant females and there were nursing does during the 
entire period. 

The population of the colony was, therefore, mixed, containing racial elements 
and racial crosses with strong and vigorous groups, on the one hand, and weaklings 
of various kinds on the other; there was a wide range of age groups, from new born 
to old age, and the adult members of the population were in various states of 
physiological activity. 


Housing and Care of Colony 

The animals were reared indoors and for generations had not been exposed to 
outdoor conditions of living. They were housed in four steam heated rooms, all 
filled to capacity. These rooms were equipped with automatic heat control and 
during the fall, winter and spring, an effort was made to maintain a temperature 
between 60“ and 65°F. The lighting of the rooms was good but ventilation was 
poor. 

Adults were caged separately and, as far as possible, the size of the cage was 
adjusted to the spacial requirements of individual animab. This was determined 
not only by the size of the animal, but by temperamental adaptability to spacial 
limitations. 

The cages, in general, were of two classes; namely, individual cages for storage 
purposes, and breeding and nursery cages. The standard individual cage meas- 
ured 22 X 14 X 14 inches and, occasionally, a slightly smaller cage was used. Sev- 
eral sizes of breeding and nursery cages were in use; these ranged from a cage 22 
inches wide, 30 inches deep and 20 inches high to cages 69 inches wide, 30 inches 
deep and 26 inches high. In all cases an effort was made to give every animal as 
much room as possible. 

Does are permitted to carry their litters from 4 to 8 weeks, rarely longer. The 
time of weaning depends in part upon the growth and maturity of the litter and 
the consequent necessity for nursing, in part, upon the condition of nursing does 
and the desirability of early weaning as a protection for the doe, and in part on the 
necessity for using the doe for the production of additional litters. In any case, 
young animals remain together for a period varying from 6 to 12 weeks. As a 



S. N. geeene 

e, they are separated and r- j 

z ;’: ■» -'fa- 1. o„ 

On account of the comn^ hybrids. Cerent breeds 

The relation of the room » ^*'’“ satis- 

P^i^pSil^SS 

Jr animals with chr^;' ‘be time of the enid.l- and 

^'“be time of the beneath 

P'™.n„l “f ”"■1 c«c of .„„mi T"'’ir '""'■■'■"fon.fro f.™ 


■■" Ulc lime of th^ •_■ j -‘re bcncam 

bevond r lu ■ - as there w.t „ 

- .fa fa.o^ '-fa fa 



810 


RABBIT POX. Ill 


Rooms A and B were isolated to the extent that they were under the care of men 
who were assigned no other duties. But the caretaker in C divided his time be- 
tween that room and others on the same floor, and thus came in contact with other 
animals. On Sundays and holidays, however, the regular routine was suspended 
and a reduced crew of caretakers went from room to room to feed and water ani- 
mals, so that all isolation precautions were broken down on these occasions. 

Health Su-pervision 

The health of the colony is subject to close supervision. Animals in the breed- 
ing rooms are inspected daily. Cases of illness are noted and mortality records 
are kept showing the prevalence of disease and the death rate from various causes. 



These records are supplemented by a weekly enumeration and grading of all cases 
of snuffles, including animals with moist noses or slightly soiled forepaws as well as 
those with frank nasal discharges. Functional fitness is gauged by reproductive 
efficiency based on the percentage of fertile matings, abortions, still births and 
desertions of litters. 

Experience has shown that the prevalence of snuffles and reproductive efficiency 
are peculiarly sensitive indicators of the health and performance of the colony and 
that any deterioration or improvement is almost immediately reflected by one or 
both of these indices, so that the routine management of the colony is based largely 
on evidence supplied by these records. 
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Pre-Epidemic Period 
Health aiid Efficiency of the Population 

In the study of epidemics, information concerning the state of the 
population during the period preceding the epidemic outbreak is de- 
sirable but, as a rule, is difficult to obtain. Observations covering 
the pre-epidemic period are, therefore, of especial interest and the 
results of the observations made in the present instance may be pre- 
sented as events leading up to the epidemic outbreak. These in- 
clude data on reproductive efficiency, the incidence of snuffles, the 
prevalence of gastro-intestinal disorders and the death rate from 
various causes. 

Fcrltltly . — ^As a rule, adult rabbits which have been idle during the summer or 
for a period of months show evidence of low fertility when first returned to active 
breeding service. In exceptional cases, the reduction in fertility may amount to 
complete sterility lasting for a month or more. This condition is accentuated by 
moult and low fertility is a normal occurrence during moulting periods. 

^^^len breeding is resumed in the fall, matings made during the first week or so 
usually give a small percentage of pregnancies; the normal c-vpectalion is from 20 
to 40 per cent. The curve then rises to a level of from 60 to 80 per cent and should 
remain well above 60 per cent. A further rise occurs during the early spring and is 
followed bj' a fall coincident with the spring moult and the beginning of hot 
weather. The exact figures are influenced by the frequency with which persis- 
tently sterile animals are used and, in compiling fertility records, corrections arc 
made on this account and no matings arc used unless setA'icc is actually observed. 

The records for the fall of 1932 are given in Tabic I and Text-fig. 2. Breeding 
began the last week in September and continued without interruption until Dec. 16. 
It will be seen that the fertility curve followed a normal course and reached a high 
point of 71 per cent for matings made during the first week of Xovember. ITiis 
was followed by a decided drop which, in the routine examination for pregnanej-, 

10 days after mating, was not delected until the middle of Xovember. .\t this 
lime, other signs of deterioration were apparent. 

Similar disturbances had been encountered on other occasions and, while their 
true cause was not known, it had been found that they could be corrected bv the 
administration of s-itamin concentrates in excess of the normal requirement. The 
adult members of the population were, therefore, given brewers’ yeast, cod liver 

011 with viostcrol, and tomato juice by hand for a period of alx>ut 2 weeks. This 
w.as a kalwrious task and could not be carried out indefinitely and. as improvement 
w.".s not as rapid or as s.nti' factors' as usual, arrangements were undertaken for the 
incorjwration of r.ddition.al vitamins in the regular food ration. This procedure 
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could not be put into operation before the epidemic of pox occurred. Meantime, 
selective vitaminization of the most seriously affected and most valuable animals 
was continued. 

Reference to the fertility curve in Text-fig. 2 shows that there was a definite 
response to vitaminization. The curve rose from a low level of 51 to 56 per cent 


TABLE I 

Ferlility during the Prc-Epidcniic Period 



Sept. Oct. Nov Dec. 

Text-Fig. 2. Fertility during the pre-epidemic period. 

during the 2nd and 3rd weeks of November to 82 per cent for the first week of 
December. Routine vitaminization was discontinued at this time and the curve 
again dropped abruptly. 

Abortions . — ^The gestation period in the rabbit varies from 30 to 32 days with a 
mean of approximately 31 days. Pregnancy can be diagnosed in some instances 
by palpation of the abdomen as early as the 8th day following coitus and, with rare 
e.xceptions, can be diagnosed with certainty by the lOtli day. The term abortion 
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is used here to cover the loss of litters during the 21 day period after pregnancj’ has 
been established. Nothing definite is known concerning earlier interruptions of 
pregnancy. Abortion usually occurs during the last week of pregnancy with the 
birth of a premature litter, either living or dead. OccasionaUj', it occurs earlier 
and, in such cases, the products of conception are usually eaten by the doe so that 
the exact date of abortion cannot be determined. 

No abortions occurred among the animals mated during September or the first 
3 weeks of October, but the rate for subsequent matings rose from 5 per cent during 
the last week of November to 7.3 per cent during the 2nd week of December. 
From this point on the picture was complicated by the prevalence of pox. The 
abortion rate rose abruptly and progressively after the outbreak occurred, reach- 
ing the high point of 83.3 per cent among does mated just before the epidemic 
began. It is important to note that the first increase in abortions occurred among 
animals of the group in which a decrease in fertility was first recognized. Thus, 
decreasing fertility and abortion are linked together as immediate and ultimate 
responses to some disturbance in the animal organism. 

Still Births . — In checking litters at birth, dead macerated fetuses and animak 
that are immature and evidently dead before birth are occasionally found. But, 
as a rule, it is impossible to distinguish between deaths which occur just before, 
during or immediately after birth. All of these represent birth losses and arc 
classed as still births. The number of such animak varies normally in dificrent 
breeds or families; in some they are of common occurrence and are most frequent 
among animak known to transmit certain constitutional abnormalities. Still 
births usually average between 2 to 5 per cent of the total number of young born 
and are limited to few litters. 

No significant deviation from the expected percentage of still births was found 
during the pre-epidemic period, but toward the end of this period, there was a 
definite increase in the proportion of litters containing still bom young. That is to 
say, the condition was more widespread than usual. 

Desertions. — Neglect, desertion or the destruction of litters at birth or during 
the first week of life k a phenomenon of considerable interest. The preparation for 
the birth of a litter and the care gK’cn the litter at birth and during the first few 
days thereafter are e.xpressions of racial, familial and individual characteristics, 
and any deviation from the usual course of events in a given animal is a peculiarly 
sensitive indc.x of the true state of health of that anim.al. To appreciate this fullv, 
the individuality of the animal must be known, bat the failure of any animal to 
perform these functions adequately, or the manifestation of cannilialism, mav be 
accepted as conclusive evidence of abnormality. In some insmnccs, it is a disin- 
clin.ition, in others an inability to c.arc for the young and in still others a morbHl 
appetite which leads to desertion on the one hand, and cannibalism on the other 
In tl’.e grc.at majority of cases ihc'c expressions of .abnormality can be aboFshed 
by appropriate treatment (.'). 


.\n analysis of m.atcrnal behavior in relation to losses !»y 
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in small cages and can be relieved by a suitable readjustment of cage accommoda- 
tions. Overheating of rooms and unseasonable weather are also factors of im- 
portance. 

The presence in the colony of animals with frank nasal discharges is a factor of 
uncertain significance. A limited isolation has been practiced as a presumptive 
measure of protection to young stock, but it has never been possible to remove all 
animals with nasal discharges from the breeding rooms. There is, however, no 
evidence to show that the presence of such animals has any material influence on 
the actual prevalence of snuffles. 

The evidence available indicates that the prevalence of snuffles represents an 
expression of inherent susceptibUitj^ on the one hand, and the action of enxnron- 
mental factors which affect the functional efficiency and the health of the animal 
on the other. In our colony, it is a disease of no particular consequence except in 
certain racial groups, and rarely are other cases encountered which will not respond 
to simple methods of dietary and hygienic treatment. 


TABLE n 

Incidence of Snuffles during Prc-Epidcmic Period 



Oct. 22 





Dec. 7 



Snuflles, per cent 








m 


The incidence of snuffles from Oct. 22 to Dec. 21 is given in Table II. Those 
figures are based on the adult population and include cverj’ case of wet nose in the 
colony. The values for the first three checks represent a basic level and are 
attributable mainly to animals with more or less persistent snuffles. The slight 
decline shown on Nov. 15 was referable, in large part, to the weeding out of some of 
these animals; the few new cases that developed were offset by recoveries. Other 
animals were discarded later, but there w.as a gradual incrc.asc in new cases, nil- 
minaling in a sharp rise during the 2nd and .ird wcclis of December when nearly a 
fourth of the colony was affected. During this period the severity of llic disc.ase 
incrc.ased, cases began to appear in the young stock and there was a rise in the 
dc.alh rate from pneumonia in both chasscs of animals. .After Dec. 21, snuffles 
checks were discontinued as cases of simple snuffles could not be dLstingiibhcd with 
certainty from incipient cases of pox. 

This scries of observations again indicated the presence of sonte disturbing 
influence in the colony which, in this inst.ancc, .assumed the form of a definite 
increase in the incidence and severity of an upper respiratory infection and an in- 
crc.asc in the death rate from pneumonia, lliis slurp ri'c occurred more than ’ 
weeks in advance of the outbrc.ak of rabbit pox .and coincided v. ith an couatly sharp 
decline in the fertility of the colony as shown in Text-fic-, 2 and .t. 

GiJslro-In.'rsliM! Diren/erj. — G.aslax intcstinal di-orders v.a.'T.ing f.-om mild a-d 
transient ertscs of slobbers and diarrhea to d-.tor.ic progre -ive .a.ad .aruirlv fata! 









22 _ 

Oct 9 

Nov. to Y 

3. Incidence of snuiBesH • 

factor of primary importan ' P^'e-epidemic period 

food is not used “ our colony- coccoH’ • - 

^een found that on ™ '"'"^^Pgations extending ^'^fremejy rare and 

fe^uencyandse’v-erL 

kotrr --- r « 



HAEKY S. If. GREENE 


SI 7 


least two groups of factors concerned in the periodic outbreaks of these disorders, 
the one an hereditary predisposition and the other a variation in dietarj* require- 
ment which is determined by unknown emdronmental factors. 

Ivlortality records for the period precechng the outbreak of rabbit pox show that 
there were no deaths from gastro-intestinal disorders prior to Xov. 16. There was 
one death in a young animal on this date from acute bloat, another on the last day 
of the month and two the first week of December (Table III). This is a low nor- 
mal expectation and covers a period in which there was not a large number of highly 
susceptible 3nung animals in the colony. During the 2nd and 3rd weeks of 
December, the rate rose rapidly and there were six deaths among adults. This 
rise continued for 2 weeks after the first case of pox appeared and then decreased 
as the epidemic reached its height. These relations are shown in Text-fig. 4. 


TABLE m 

Mortality from Gastro-Iutcstinal Disorders in Voitng and Adult Stock 



Nov. 

16-22 

Nov. 

23-29 

Nov. 

30- 

Dcc.6 

i Dec. 

1 7-U 

Dre. 

H-20 

Dev. 

21-27 

Dev. 
2S- 
Jan. 3 

Jan. 
4-10 : 

Jan. 

11-17 

Jan. 

lS-24 

Young stock 

Deaths 





9 ! 

35 

43 

26 

8 


Mortality, per cent 






4.32 

5.62 

3.SS 

1.69 


Adult stock 

Deaths - . . . . 

0 

0 

0 

0 

6 

4 

0 

0 

I ! 

0 

Mortality, per cent 

0 

0 

0 

0 

I 01 

0.6S 

0 

0 

0.19| 

0 


Miscellaneous Signs of Deterioration . — Besides the criteria of health mentioned 
above, there were other indications of a widespread and profound disturbance of 
the health of the colony which cannot be recorded in detail. It ma\’ be said, how- 
ever, that there was a recurrent moult among the adults in late Xovember and 
c.irly December. Matings were obtained with difTicully due to a dcprcs.sion of 
se.xual characters of both males and females. At the same time young animals 
showed retarded growth and absence of customary thriftiness. Signs of retarded 
and abnormal development, such as primar>' nakedness or subnormal development 
of the hair with deficient pigmentation which arc usu.ally limited to certain familv 
groups, were found widespread in full term litters. 

Birth abnormalities such as calcification defects in the Iwnes of the c.alvarium 
or complete absence of calcification with rc.^ulting hydroreplialus and abnormal 
development of the jaws with malocclusion of the ir,fl=or teeth arc of <n<iradi'- 
occurrcncc in ccrt.ain groups of constitution.-.!!;.- defective anim.ilf. ll-r-ce ec-ri 
tions luvc a genetic bnrkground. but their cxpre;-.;nn i. h.rgc'.y dctermTcd bv 
cnvironmcnt.al factors. In other a.nimab. function.-.I d-'order,' of - le;}.-! cl;.’-->ctc*r 
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ing Room C, and during the early part of the epidemic, the inddence 
of infection and mortality was highest in this group of cages. 

Scattered cases of pox were found in A soon after they appeared in 
B. In this room, however, which contained a larger proportion of 
adult animals and was less crowded than B, the infection spread more 
slowly and the peak of the outbreak was not reached until the disease 
m B was well on the decline. There were comparatively few deaths 
in C and, for the most part, those in D occurred before the nature of 
the disease had been recognized. 

The incidence of new cases could not be followed and recorded day 
by day. The only accurate record of the course of the epidemic is 
derived from the mortality records. Dead animals were collected 
daily, records of their death were made and autopsies performed. 
The data obtained in this way are given in Table W and Te.xt-lig. 4. 


TABLE IV 
Pox Mortality 



D«. 

Dee. 

Jao. 


Jan. 

Jan. 

Jan. 

Jan 31- 


20-25 

26-31 

1-6 


13-IS 

19-24 

25-30 1 

Feb, 5 

Deaths 

7 

45 

127 

m 


93 

mm 

5 

Mortality, per cent 

0.5 

3.3 

9.S 

li 


12.2 

ID 

0.7 


The epidemic, recognized as such, began Dec. 28 and ended Feb. 5. It will be 
noted, however, that the record begins with Dec. 20, more than a week before the 
first clinicall)' tj'pical case of pox was found in the breeding rooms. A review of 
autopsy protocols in the light of subsequent experience showed that dcatlis from 
pox, clinically unrecognized because of the absence of external lesions, occurred in 
Room B on that date. Deaths which occurred in Room D as early as Dec. 12, and 
at the time were attributed to pneumonia, probably resulted from pox infection 
but arc not included. Moreover, there were deaths during February and even 
later which were due indirectly to rabbit pox, but none of these arc included in the 
data given above. The mortality cur\-c for the period (Tcxt-fig. •}) is typicallv 
that of an epidemic. The only irregularity is shown at Jan. 1 2 and this is referable 
to tlic superimposing of what amounts to two closely related epidemics, the one 
in Room B and the other in Room .A. 

Of the 1 706 anim.als constituting the population during the epidemic period, .ip.t 
were killed or died of surious causes including desertion, dl.arrh.ca and mi<cc!!ancous 
disorders and are not included in the determination of the pot mort.ality. During 
the pcricxi from Dec. 20 to Feb. 5,610r.nim.alsdiedcf rabbit pox, giving a rr.ori.-ht v 
of >56.4 per cent, M.aay others were to sc.riourly affected tha.t they subrequenu'v 
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nation of the epidemic, visceral lesions were less numerous and mani- 
festations of infection were limited almost entirely to the skin. 

Origin and Spread of the Infection 

When the condition of the colony became so serious that we were 
forced to discontinue breeding operations, a systematic examination 
of all animals was made for evidence of any obscure disease which 
might have been overlooked in the course of routine observation. 
These examinations were continued day by day with attention cen- 
tered on the breeding rooms, but for some time nothing definite was 
found. Suspicion was first aroused by a sudden increase in tlie mor- 
tality from what appeared to be pneumonia among the animals with 
snuffles in the isolation room (D). These animals became acutel}' 
ill; some showed a profuse blood-stained discharge from the nose or 
the formation of thick brown crusts about the nares with marked 
respiratory distress followed by death in a few hours or by gradual 
recovery. At autopsy the outstanding condition was a massive pneu- 
monia. There were no typical pox lesions, either external or internal. 
Examination of several males in process of recovery showed, however, 
that these animals had a granular orcliitis undergoing resolution. 

The significance of this finding w'as not appreciated at the time, but 
it was known that w'c w'ere not dealing with an ordinary pneumonia. 
These were undoubtedly atypical cases of pox. As was mentioned 
above, the animals in this room were not subject to systematic obser- 
vation and the time of occurrence of pox in this group can be fixed 
only with reference to the flare up of pneumonia. The first death of 
this kind occurred Dec. 12. T>'pical cases of pox were never found 
among the breeding stocks in this room, but did occur in a group of 
experimental animals which had been inoculated with material taken 
from an animal in this room. The presence of the virus was tJius 
dcfinitelj' established. 

In tliis connection it is also of interest to note that before the pres- 
ence of a contagious disease was recognized, several animals were 
transferred from this room to the breeding rooms; others were brought 
into the room for mating and then retunied to their own quarters 
Xone of these animals, however, developed jyjx until the epidemic was 
well advanced. Later, a litter of young 13 days old was taken from a 
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least one of them a disease presenting the clinical characteristics of 
rabbit pox was present earlier in the fall. 

Isolation of inoculated animals is a difficult matter and ordinarily 
few or no precautions are taken to prevent the spread of the less 
harmful virus or bacterial infections among the animals of a given 
room or from one room to another. Caretakers provide a read}' 
means for the dissemination of highly contagious material. In spite 
of this, serious outbreaks are comparatively rare. In the present in- 
stance, however, all available evidence indicated that from the pas- 
sage of some virus, spontaneous spread did occur among the animals 
in one or more of these rooms. Eventually, the virus was trans- 
ported in a highly virulent form to the nearest outposts of the breed- 
ing colony which was not protected in any way against outside in- 
fection. Spread of the infection continued from one room to another 
until practically the entire rabbit population of the Institute had been 
exposed, regardless of location or distance from the original source 
of infection and despite all efforts to quarantine or isolate groups of 
animals known to have been infected or exposed. The order of 
occurrence of outbreaks in various rooms and their relation to possible 
sources of infection are not kno\vn, since the recognition of the disease, 
in all cases, followed the discovery in the breeding colony. 

Tcrminatio7i of the Epidemic 

The course of events during the terminal stages of the epidemic 
brought out several points of epidemiological interest. As is usual 
during the early stages of an epidemic, the infection was highly con- 
tagious and the mortality correspondingly high, while, in the terminal 
stages, contagiousness diminished and the mortality was low. All of 
the adults and all of the young bom prior to the epidemic except 
those that died of other causes developed po.x. The same is true of 
all litters born during the early stages of the epidemic. There were, 
however, several instances of litters bom after the epidemic was well 
under way in which no t}'pical case of pox developed, and still others 
in whicli some animals developed U-pical cases of disease while other 
animals, despite the most intimate cxjiosurc, remained free from signs 
or symptoms of infection. In a third group of animals, knovm to 
have been e.xposcd soon after birth, the incubation period was greatly 
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This explanation might appear to be the logical one if nothing more 
were known concerning the epidemiology of this disease. There was, 
however, a previous epidemic in 1930. In this instance, compara- 
tively few animals contracted the disease and most of these recovered. 
At the time of the second epidemic, there were many animals in the 
colony that had passed through the first epidemic but none that were 
known to have had the disease. These animals proved to be just as 
susceptible to pox as the normal unexposed population so that, if they 
were protected in the first instance by a specific immunity, tlie im- 
munity was again of short duration and afforded no appredable 
protection against a second exposure. 

Still a third epidemic of this disease occurred during the winter of 
1933-34. This epidemic pursued a course like that of the first. It 
developed among experimental animals in a room containing a por- 
tion of the breeding colony, but its spread was limited and the mor- 
tality low. In this instance, young animals in the room were tested 
by Pearce, Rosahn and Hu immediately after the epidemic and found 
to be as susceptible as une.xposed controls, so that the failure of the 
infection to spread could not be attributed to active immunization. 

Finally, toward the end of the epidemic under consideration two 
cx-periments were carried out with young animals of the most sus- 
ceptible age. These were obtained from outside sources and had not 
been exposed to rabbit pox. They were brought into the breeding 
rooms and ex-posed to infection by placing them in intimate contact 
with infected animals. /\11 of them developed pox of a mild form but 
there were no deaths in a group of twelve animals. At tlie hciglit of 
the epidemic the mortality among animals of this age group was up- 
wards of 70 per cent. It is evident, therefore, that while the conta- 
giousness was still high, the severity of the disease produced by nat- 
ural infection was greatly diminished in animals which possessed no 
specific immunity. 

These results, taken in conjunction %\-ith other evidence, cast con- 
siderable doubt on the significance of active and progressive immuni- 
zation as the cause of the terminal abatement in the severitv of the 
disease or as the sole cause for the termination of the epidemic. Old 
and young animals shared alike in tlie diminished severity of the dis- 
ease which marked the terminal stages of the epidemic, and the evi- 
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sharp rise immediately preceding the outbreak. There was, more- 
over, a definite spread of this disease to a portion of the population 
which is ordinarily insusceptible and this was associated with an in- 
crease in the death rate from pneumonia arising from infection with 
the same group of organisms. 

Among the young animals, there was also evidence of low vitality indicated most 
clearly by the prevalence of gastro-intestinal disorders and deaths directly referable 
to these disorders. Here again, a disease which is ordinarily limited to certain 
elements of the population broke over the usual boundaries and caused the death 
of adults as w’ell as young animals. The incidence of this disease also increased 
abruptly just previous to the epidemic invasion. 

The significance of other abnormalities mentioned above need not be empha- 
sized here. It is sufficient to say that the deterioration of the colony as ewdenccd 
by diminished functional efficiency and increased susceptibility to disease was 
unmistakable. 

Experience has shown that for the most part conditions such as 
prevailed in the community prior to the epidemic are influenced by 
three groups of factors; namely, diet, cage acconrmodation or mode of 
living and climate or weather. Tw'o of these are subject to control 
and their influence has been tested repeatedly. 

The dietary aspect of these conditions is of particular interest. 
Some of the conditions do suggest a dietary deficiency. There is no 
reason, however, to assume that a diet found to be adequate for 
control or standard normal animals of the population was directly 
responsible for the sudden development of these abnormalities. It 
is true that the administration of vitamin concentrates usually af- 
fords relief in such a situation, but this has been interpreted as evi- 
dence of a variation in the vitamin requirement of the animals which 
results from fluctuations in unknown environmental factors. 

It is important to note also that relief may be obtained by other 
means than diet. Adjustment of cage accommodations with im- 
provement in the conditions of living lias been found helpful in many 
cases. The conditions under consideration, therefore, cannot be 
regarded as dietary deficiencies in the usual sense. Thev are, rather 
states of diminished vital capacity due to unknown causes, but sus- 
ceptible of relief by improvement in the conditions of living in which 
diet plays a very important part. 
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follow a seasonal course, modified by prevailing meteorological con- 
ditions (5). It was also found that susceptibility to experimentally 
induced disease varied mth the prevailing condition of the animal 
organism and that both the organic constitution and the functional 
response to disease could be affected by modifying environmental con- 
ditions under experimental control. The question arises as to whether 
similar relations may not affect spontaneous outbreaks of disease. 

Small pox is a winter disease and so also is rabbit pox. The evi- 
dence available indicates that rabbit pox is produced by a virus 
originating from vaccine virus. From the time the breeding colony 
was first organized (1929), it has been exposed to infection from 
inoculated animals in other laboratories through the same channels 
of communication which gave rise to the epidemic under considera- 
tion. So far, three epidemics of pox have occurred; two of them were 
mild and one was of devastating severity; two began during the 3rd 
week of December and the other in February. These facts indicate, 
on the one hand, a decided preference for the winter months and, on 
the other, a striking variation in the severity of disease on different 
occasions. Obviously, such peculiarities as these cannot be accounted 
for either on the basis of chance exposure to vaccine virus or b}* 
specific immunity. In view of the conditions which have existed over 
a period of years, it is even probable that exposure, comparable with 
that which gave rise to the epidemic reported, may liavc occurred 
repeatedly without producing a single tj-pical case of disease. Tliis 
is apparently in accord with the c.xpericncc of those who have kept 
rabbits inoculated with vaccine virus in dose proximity to animals 
that are not immune to this virus. 

It is evident, therefore, that tlic chance introduction of vaccine 
virus into a non-immunc population is not sufficient in itself to de- 
termine the occurrence of a severe epidemic; favorable conditions for 
the propagation of the infection arc also essential. These prob.ably 
include factors which favor an alteration in the pathogenic proper- 
ties of the infecting organism, on the one hand, and diminished 
resistance of the host, on the other. Apparently, thene two condi- 
tions .arc closely related and it is not improbable tliat both .are refer- 
able to the operation of factor.s on the animal organism .'md they n-jav 
be expressions of a common cause. 

Tlic e.xperimcnts carried out by Pearce, Roeahn and Hu ;';;ov.(d 
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that the virus isolated from the epidemic was related to vaccine virus 
but decidedly more virulent than the passage strain of neurovaccine 
with which it was compared and far more virulent than the dermo- 
vaccine. Under passage conditions this virulence was retained for a 
period of 9 months (January to September). During this time the 
infection in the colony died out. These results would indicate that 
under conditions of natural passage some alteration in the pathogenic 
properties of the pox virus had occurred. The characteristic prop- 
erties of this virus are capable of perpetuation by parenteral inocu- 
lation, but when left to natural passage under conditions such as pre- 
vailed during the epidemic, reversion to a less virulent condition 
tends to occur and spread of the infection ceases. 

One may conclude, therefore, that the decisive factors in the series 
of events associated with the development and termination of an epi- 
demic are factors which affect the population. It has been shown 
experimentally that in the case of the rabbit, profound changes in 
organic constitution are induced by environmental factors and that 
susceptibility to disease varies accordingly. The series of events pre- 
ceding the occurrence of the epidemic reported were expressions of a 
serious disturbance in the animal organism induced by some unknown 
environmental influence which is commonly operative at that period 
of the year but in tliis instance was of more than usual severity. The 
old idea of an “epidemic constitution” may find an explanation in the 
development of environmental conditions which affect the functional 
efflciency and disturb the health of a community and thus create con- 
ditions favorable to the spread of devastating infections. It is rea- 
sonably certain that factors of this kind played an important role in 
the epidemic of rabbit pox which has been reported. 

SUMMARY 

A devastating epidemic of rabbit pox in a breeding colony was 
studied with especial reference to factors of epidemiological signifi- 
cance. 

The evidence obtained indicated that the epidemic originated among 
animali inoculated with vaccine virus and that the infection was 
spread to the breeding colony by caretakers. The epidemic began 
insidiously wfltli atypical cases of visceral disease followed by typical 
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cases of pox and terminated as a mdd cutaneous disease with scat- 
tering monosymptomatic affections of various kinds, difficult to rec- 
ognize as cases of pox infection. 

An analysis of data concerning the health and functional efficiency 
of the population and the immunity of exposed animals showed that 
the epidemic of rabbit pox was the terminal event in a series of 
progressive disorders wWch began fully a month before the first case 
of pox occurred. In like manner, the terminal decrease in the se- 
verity of the disease and the eventual termination of the epidemic 
appeared to be referable to an improvement in the condition of the 
population rather than to a specific immunity acquired by exposure 
to infection. 
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MULTIPLICATION IN WTRO OF PSEUDORABIES \TRUS IN 
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It is known that certain animal tissues, when removed from the 
animal, minced, and suspended in a suitable fluid medium, will remain 
alive for some time and can be experimentally infected witlt virus. 
With some viruses the infection can be recognized histologically by 
characteristic tissue changes; for example, the formation of inclusion 
bodies, hyperplasia, or necrosis. The pseudorabies virus docs not 
cause such changes regularly, and the infection of the tissue can be 
definitely determined only by the results of inoculation of susceptible 
animals. In cultures of the virus with rabbit testicle tissue intranu- 
clear inclusions were found in interstitial cells in the majority of the 
sections (1). In cultures with normal guinea pig testicle tissue intra- 
nuclear inclusions have been found in only one out of four series of 
cultures. They appeared in interstitial cells and were acidophilic like 
the inclusions in rabbit testicle cultures, but the}’ were much fewer, 
smaller, and often fragmented. It was evident that in this instance 
the search for inclusion bodies could not replace the animal test for 
the presence of the virus in the cultures. 

Tissue from immune animals can be tested for susceptibility to 
viruses only in vitro. So long as the tissue is in its physiological 
environment humoral, and possibly other immunity factors, interfere 
with the results. 

Slcinhart and Lambert (2) in 191-5 used the tissue culture technique in the 
study of immunity. They found that vaccinia virus did not multiply in immune 
rabbit co.-nca tissue grown in immune plasma, but they did not determine v. hcthcr 
the plasma or the tissue was responsible for the failure to grow. In \ .\nt!rc'.ve< 
(•', -5) and, simultaneously .and independently. Rivers. ILaagen, and Mucltnfu's 
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(5) found that Virus III and vaccinia virus would form inclusion bodies in tissues 
in vitro. In Andrewes’ experiments Virus III would readily grow and form inclu- 
sions in testicle tissue of immune rabbits in the presence of normal serum. In his 
later studies with herpes simplex (6), and the salivary gland virus of guinea pigs 
(7) similar results were obtained. With the salivary virus inclusions appeared in 
normal and immune tissue in the presence of normal serum, but the virus could not 
be subcultured. Rivers, Haagen, and Muckenfuss studied the formation of Guar- 
nieri bodies in cultures of rabbit cornea in rabbit plasma. In normal corneas 
soaked in virus for 3 hours and then transferred to immune plasma, Guarnieri 
bodies developed. Immune corneas, however, even after washing, formed few or 
no inclusions when grown in normal plasma. Topacio and Hyde (8) in 1932 failed 
to confirm Andrewes’ results with Virus III, although they used a similar tech- 
nique. In their experiments immune rabbit testicle tissue in normal plasma could 
not be infected with virus even after washing with Tyrode solution. Immune 
plasma added to the cultures either before or after Virus III inhibited its growth 
in normal rabbit testis. The authors therefore tended to the conclusion that the 
immunity from Virus III infection was of both “the cellular and humoral types.” 

Because of the disagreement in the results obtained by different 
workers, an attempt was made to cultivate pseudorabies virus in 
tissue of immune guinea pigs. Testicle tissue was chosen because 
pseudorabies virus is known to multiply in this tissue from normal 
guinea pigs (1). 


Methods 

Immnnizalion of Guinea Pigs 

Immunization against pseudorabies is not a simple matter. Thus far it has 
failed with rabbits in this laboratory. Shope (personal communication) immun- 
ized guinea pigs against the Iowa (mad itch) strain of pseudorabies by repeated 
subcutaneous inoculations of sublethal doses of virus. He made the observation 
that this strain, when passed through a guinea pig (intracerebraUy), became 
slightly attenuated for guinea pigs, and that subcutaneous inoculations of doses up 
to 800 mg. of the brain of such a guinea pig did not produce the disease in guinea 
pigs (9). When he gave guinea pigs four consecutive subcutaneous inoculations 
of 100 mg. infective guinea pig brain at 10 day intervals they resisted a subcu- 
taneous inoculation of 100 mg. infective rabbit brain (approximately 100 m.l.d.) 
given 2 weeks after the last immunizing inoculation. Shope also found that, when 
an equally large dose of the more virulent Hungarian (Aujeszky) strain was used 
in the immunity test instead of the Iowa strain, not all of the treated guinea pigs 
would be immune. 

Guinea pigs furnishing the testicle tissue used in the cultivation experiments 
were immunized according to Shope’s method (see Table I). To increase the 
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degree of their imm unity they were given additional inoculations of infective 
rabbit brain. The Iowa strain had been passed through a few more rabbits since 
Shope had performed his experiments and it had obviously increased in x-irulence 
for guinea pigs by such passages. Three guinea pigs died following the subcutanc- 

TABLE I 


Immunizalion of the Guinea Pigs, the Testes of Which Were Used in the Cultkation 

Experiment 


Guinea 
pig No. 

Subcutaneous immunizing inoculations 

Immunity test 

Iowa strain virus 

Aujeszky 

strain 

Intracerebral 
inoculation 
Apr. 1 

Inocu- 

lation 

into 

right 

testis 

ilar. 

26 

Guinea pig brain 

Rabbit brain 

Rabbit brain 

too 

rag. 

Dec. 

12. 

t923 

100 

mg. 

Dec. 

22 

100 
mg. 
Jan. 2, 
1934 

100 
rag. 
Jan. 12 

100 
mg, 
Jan. 23 

100 
rag. 
Feb. 6 

100 

Fcl: 

16 

100 

fei 

26 

10 mg. 
Mar. 6 

100 

mg. 

Mar. 

14 

10 

U.I..P. 

100 

it.un. 

100- 

1000 

27-61 

D 













26-77 

D 













26-76 

0 

D 












28-66 

0 




r 

)icd of intcrcurrcnt 

disease 




27-63 

0 


0 

0 

0 


0 

0 

0 

D 




27-60 

0 


0 

0 

0 

0 


0 

0 

0 

— 

— 

0 

27-62 

0 


0 

0 

0 



0 

0 

0 

— 

— 

0 

28-64 

0 


0 

0 

0 


0 

0 

0 

0 

— 

— 

0 

28-65 

0 


0 

0 

0 


0 

0 

0 

0 

— 

— 

0 

28-67 

0 


0 

0 

0 


0 

0 

0 

0 

— 

— 

0 

26-48 

0 


0 

0 

0 


0 

0 

0 

0 

0 

— 

— 

26-49 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

— 

D 


36-83 













D 

38-29 













D 

38-48 











D 



36-19 











D 



35-86 












D 



D died. 

0 *» No illness. 


ous inoculation of a dose of infective guinea pig brain whidi previously was found 
to be non-fatal. Five guinea pigs were tested for immunity by the inoculation 
into the right testis of between 100 and 1000 VLXXt. of highly virulent pscudorabics 
Virus cultivated in chicken cmbiyo tissue {d6th culture passage). All five guinea 
pigs rcf.isted this inoculation. Two other guinea pigs were tested for imraunitv 
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termined by intraperitoneal inoculations of undiluted ground cultures and dedmal 
dilutions into white mice. 

The titration results registered in Table II indicate that multiplica- 
tion of the virus took place in aU three groups of cultures. In normal 
guinea pig testis the virus always reached the highest concentration. 
In the culture tvith right immune testis the rate of multiplication was 
lower. In the group with left immune testis the virus was lost for an 
unknown reason after the fourth culture passage. Multiplication of 
the virus seems to have occurred in the cultures of this group, since 
there was no gradual decline of the titer from the first to the fourth 
passage but an equally high titer in the first, second, and third passages. 

TABLE n 


Cultivation of Pscudoralics Virus in Testicle Tissue from Immune Guinea Pigs 



Group A 

Group B 

Group C 

Culture 
passage No. 

Cultures 'vrith right immune 
testis 

Cultures tvith left immune 
testis 

Cultures with normal tttlis 


Tissue from 
guinea pig 
No, 

Titer 

Tissue from 
guinea pig 
No. 

Titer 

Tissue from 
guinea pig 
No. 

Titer 

1 

28-64 

1:1 

28-64 

1:10 

m 

.M 1:100 

2 

28-64 

l:10 

28-64 

1:10 


M lc.Ast 1:1000 

3 

28-64 

1:10 

28-64 

1:10 

40-73 

At lean 1:1000 

4 

28-65 


28-65 

1:1 


At Ic-ast 1 : 1000 

S 

28-65 

1:100 

28-65 

.^s-irulcnt 


At lean 1:1000 

6 

28-65 

1:10 

28-65 

As’irulcnl 

4I-2S ! 

At lean 1:1000 


SUiQIARY 

Pscudorabics virus was cultivated in vitro in washed testicle tissue 
from immune guinea pigs, and evidence was tlius procured whidi 
indicated tliat the testicle cells themselves had not become immune 
to pseudorabies. The rale of multiplication of the virus was con- 
siderably greater in control cultures with normal guinea pig testis than 
in cultures with immune testis. Hie reason for this fact may be that 
even by repeated Avashing the immune tissue could not l>c completely 
freed from fluid antibodies, and that such antibodies somewhat in- 
hibited the multiplication of the virus. 
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A number of papers during the past few years, particularly those of 
Stewart and Rogoff (1), of Marine and Baumann (2), and of Loeb and 
lis coworkers (3), have shown dearly the dose relations which exist 
etween the suprarenal glands and the metabolism of salt and water, 
'he recent studies of Loeb are of fundamental interest since they pro- 
idc for the first time a rational explanation of die mechanism of su- 
■arenal insuffidcncy, which this author suggests may be due to a 
imary loss of sodium through the kidney. 

The results which follow total ablation of the suprarenal glands in 
j dog have been confirmed by studies on the effects of withdrawal 
injections of the cortical hormone from the suprarcnalcctomizcd 
5 which had been previously maintained with healed wounds in a 
mal state of health and nutrition (4). Following the withdrawal 
he hormone injections it has been shown that Uicrc is an increased 
lary excretion of sodium, diloride, and of water, relative to the 
ke, which is presently reflected in a fall in the concentration of 

\Vc acknowledge the assistance of Dr. Oliver Kamm, of Parke, Davis and Co. 
i.as generously supplied us for the past 4 years with the beef suprarenal glands 
wliicli we prepare our cortical extract. 

is investigation was aided in part by a grant from the Bingham Fund, 

; wish to acknowledge the assistance of Dr. Mara- Buell in supervising the 
cal procedures involved in the manufacture of the cortical extract and in the 
on and setting up of analytical methods used in the studies liercin rcoorlcd 
rcliminary re;)ort of portions of this work has been publiO-»'d [Tr l:sr 4 p-' 

, 19.14,49, 153). ■' 
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these substances in the blood plasma. It would seem probable that 
an explanation of the prolonged survival whicli has been reported in 
suprarenalectomized hibernating animals (5) may be found in the 
lessened urinary excretion during the Avinter sleep, with a resulting 
diminished loss of sodium. It is possible that some additional mecli- 
anism for the conservation of sodium may be in part responsible for 
the prolonged survival also reported in suprarenalectomized animals 
during estrus or pregnancy (6). 

The problem now arises as to whether this regulation of salt and 
water metabolism is the primary function of this cortical hormone ob- 
tained by extraction of beef suprarenal glands Avith lipoid solvents 
(7), or, on the other hand, whether there are other physiological de- 
rangements produced by removal of the suprarenal glands in the dog, 
which develop more slowly, and for this reason are usually masked by 
the earlier, more rapidly fatal effects of the dehydration associated 
with the loss of electrolytes. 

The prolongation of the life of suprarenalectomized animals by injection of 
various fluids containing glucose or salts has been attempted by a number of 
workers, but the earlier e.vperiments have never been entirely convincing.^ The 
first demonstration of this effect of infusion was made by Brown-Sequard who 
showed in 1856 (8) that transfusion of blood from a normal into a supra- 
renalectomized animal wUi delay death for a considerable period. Afarine and 
Baumann (2) in 1927 found that daily intraperitoneal injections of various sodium 
salts, for example normal sodium chloride solution. Ringer’s solution, and iso- 
tonic sodium acetate, prolonged the lives of suprarenalectomized cats to about 
three times the span of untreated totally suprarenalectomized controls. They 
found further that sodium glycerophosphate was only slightly less effective. On 
the other hand, hypertonic saline solution, isotonic glucose solution, and glycerol 
had very little effect. They concluded that chloride is not an important factor 
even though a decrease in blood chlorides regularly occurred after suprarenalec- 
tomy. Although they pointed out the specific value of sodium salts in sustaining 
the animal they concluded that the action is only palliative, as all of the animals 
ultimately died of suprarenal insufficiency. The survival period did not exceed 
15 days in any case. 

Banting and Gairns (9), Avho observed a fall in blood urea after the injection of 
hj'pertonic saline (100 cc. 5 per cent NaCl), concluded that death could not be pre- 
vented even if blood urea, non-protein nitrogen, and chlorides are maintained at 
nearly normal levels. 


^ The earlier work is summarized by S. W. Britton (Physiol. Rev., 1930, 10, 617). 
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Stewart and Rogoff (1), on the theorj* that suprarenal insuffidenc>' is brought 
about by a severe and progressive intoxication, attempted the use of Ringer’s 
solution, using 100 cc. per kilo per day, injected intravenously. Out of seventeen 
animals so treated, eight lived to the 18th day or longer, and of these three sur- 
vived 30, 40, and 54 days respectively. Nausea, vomiting, and death eventually 
terminated all of their experiments. They concluded that “if it were practicable 
to wash out all of the poison it is conceivable that the animals would sur\dve indefi- 
nitely,” but that salt solution cannot “substitute” for the missing hormone. 

In a recent paper Swingle and his collaborators (10) have studied the effect of 
feeding sodium chloride upon the life span of suprarenalectomized dogs. They 
found that intraperitoncal injections were ineffective in severe insufficicnej-, and so 
chose the oral route. Seven animals were used, but only three surx'ived over 14 
days. Of the three, one lived 19 daj's and one 21 days. The third animal was 
maintained for 50 days in excellent condition and only showed signs of insufnciencj' 
when the experiment was terminated, by cessation of the daily feeding of sodium 
chloride. Swingle concluded that it is not possible to sustain suprarenalectomized 
dogs without extract. The salt in his experiments was mixed with the food, and 
eventually the animals seem to have refused to eat the extremely salty rations. 

The current view appears to be that salt and water arc not effective 
substitutes for the cortical hormone (11). Some other factor seems to 
be regarded as essential, the nature of which is not clearly established. 

The problem is important for an understanding of cortical function, 
and we have undertaken a series of c.vperunents in which sodium has 
been supplied, both with and without added chloride, to the supra- 
renalectomized dog deprived of hormone injections. An attempt has 
been made to sustain so far as possible, the proper plasma level of the 
sodium ion. Under such circumstances, it was thought that the 
relatively uncontrolled renal c.vcrction of sodium might be satisfied 
by an augmented c.vogcnous supply, leaxing the stores in the plasma 
and body fluids substantially intact, and hence, presumably, leaving 
undisturbed tlie normal conditions of tissue hydration. Granted 
the possibility that such proper electrolyte levels might be sustained 
by administration of added sodium and chloride ions alone, and with 
hormone injections completely withheld, we thought it possible that 
other physiological abnormalities due to cortical suprarenal deficiency, 
pointing to other essential functions of the suprarenal cortc.x or medull.a 
might then be unmasked. Disorders of carbohydrate storaire or o; ii< 
mobilization might be disclosed, or nulrition.al deficienries ri’-’.djins' 
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from the absence of the suprarenal cortical hormone, might be un- 
covered. It was thought possible that the increased plasma concen- 
trations of potassium and of magnesium, which appear during supra- 
renal insufficiency, might progress unabated after withdrawal of 
hormone injections and at length prove toxic should they be phe- 
nomena occurring independent of the changes in sodium and chlorides. 

On the other hand, the continued well-being of the suprarenal- 
ectomized animal when the level of plasma sodium is properly main- 
tained without injections of the suprarenal cortical hormone would 
offer substantial evidence that regulation of electrolyte metabolism is 
its most essential function in the adult male dog. 

It is necessary at the outset in such experiments to make sure that 
the amounts of sodium and chloride ions given to the animal are 
sufficient to repair the losses due to urinary excretion. This can best 
be ascertained by following the concentration of these electrolytes in 
the blood plasma at sufficiently frequent intervals. The results of our 
work indicate that suprarenalectomized adult male dogs may be sus- 
tained for prolonged periods without any cortical extract and without 
any apparent ill effect, provided that a balance be effected between 
intake and outgo of sodium and chloride ions so that no appreciable 
loss occurs at any time, and that no hemoconcentration takes place. 

Following the withdrawal of injections of cortical hormone from the 
suprarenalectomized dog which is being given our usual diet of table 
scraps and occasional added beef stew and bones but without added 
salt, the excretion of urinary sodium exceeds that of chloride, and the 
fall in the plasma concentration (in milli-equivalents) is greater. 
From this observation it has seemed desirable that sodium should be 
supplied in excess of chloride to make up for this difference in the rate 
of excretion. That is, a mixture of sodium chloride plus sodium 
bicarbonate might be more effective in maintaining the normal plasma 
ion concentration in the suprarenalectomized animal over prolonged 
periods than sodium chloride alone. Such we have found to be the 
case. Indeed, adequate administration of sodium ion alone, as will 
be shown presently, can maintain proper blood concentration (ratio of 
plasma to cells) even though the plasma chloride drops to a low level. 
Eventually, however, such animals utterly refuse to eat and analysis 
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of the gastric juice after alcohol stimulation' shows a complete absence 
of free acid. It is possible that the low plasma chloride level may 



Adrenalccto.'nizcd Jon II, 1934 
Insufjicicncy Fob ZO o-ad Mar 30, 1934 


CiTAiiT 1. Dog 1-29. Adrcnalectomizcd animal sustained 110 days (.Apr. 5 to 
July 23) on sodium chloride and sodium bicarbonate only. Between May 14 and 
25, vomiting and cardiac irregularities required additional intravenous saline. 
Thereafter the animal continued verj' well until July 9. The concentrations of 
sodium and chloride were low on July 9 (97th day) .and hcmoconccntration was 
indicated as well by the hematocrit reading. This indication for raising the inl.akc 
of salt was unfortunately disregarded and the animal died 13 da>‘s later on July 22 
after 72 hours of anorc.xia. Proper administration of sodium chloride and water 
would undoubtedlj’ have prolonged this experiment indefinitely. 

interfere with the secretion of gastric juice and of free liydntcliloric 
acid in the stomach and that this may h.avc a bearing on the pmprr 

' SO cc. of 10 per cent ethyl alcohol arc admini<tc.Td by stomach tube .".r.'! the 
gastric contents arc aspirated at the end of 15 and of .'0 minu'c'. I’.'".*.'!; •.'.by n i 
gastric juice may be obt.aincd from the basting anim.a! v. ith'-ul ■urh n. 

'Hie use of histamine is not safe in suprarcn-altclomiretl dogs. 



842 


SUPRARENAL CORTEX. IV 


from the absence of the suprarenal cortical hormone, might be un- 
covered. It was thought possible that the increased plasma concen- 
trations of potassium and of magnesium, which appear during supra- 
renal insufficiency, might progress unabated after withdrawal of 
hormone injections and at length prove toxic should they be phe- 
nomena occurring independent of the changes in sodium and chlorides. 

On the other hand, the continued well-being of the suprarenal- 
ectomized animal when the level of plasma sodium is properly main- 
tained without injections of the suprarenal cortical hormone would 
offer substantial evidence that regulation of electrolyte metabolism is 
its most essential function in the adult male dog. 

It is necessary at the outset in such experiments to make sure that 
the amounts of sodium and chloride ions given to the animal are 
sufficient to repair the losses due to urinary excretion. This can best 
be ascertained by following the concentration of these electrolytes in 
the blood plasma at sufficiently frequent intervals. The results of our 
work indicate that suprarenalectomized adult male dogs may be sus- 
tained for prolonged periods without any cortical extract and without 
any apparent ill effect, provided that a balance be effected between 
intake and outgo of sodium and chloride ions so that no appreciable 
loss occurs at any time, and that no hemoconcentration takes place. 

Following the withdrawal of injections of cortical hormone from the 
suprarenalectomized dog which is being given our usual diet of table 
scraps and occasional added beef stew and bones but without added 
salt, the excretion of urinary sodium exceeds that of claloride, and the 
fall in the plasma concentration (in milli-equivalents) is greater. 
From this observation it has seemed desirable that sodium should be 
supplied in excess of chloride to make up for this difference in the rate 
of excretion. That is, a mixture of sodium chloride plus sodium 
bicarbonate might be more effective in maintaining the normal plasma 
ion concentration in the suprarenalectomized animal over prolonged 
periods than sodium chloride alone. Such we have found to be the 
case. Indeed, adequate administration of sodium ion alone, as will 
be shown presently, can maintain proper blood concentration (ratio of 
plasma to cells) even though the plasma chloride drops to a low level. 
Eventually, however, such animals utterly refuse to eat and analysis 
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maintenance of appetite. At any rate administration of sodium 
chloride in such animals immediately restores appetite coincidental 



Adpenalectomized Jan. 25, 1934 
■Insu{(iciencyi Feb. 15 and Apr. 12, 1934 


Chart 2. Dog 1-32. Adrenalectomized animal sustained for 152 daj^s (June 
1 to Oct. 29, 1934) on sodium chloride and sodium bicarbonate only. The diet was 
shifted on Oct. 9 to raw beef, resulting in anorexia, fall in plasma sodium and 
chloride, and rise in urea and potassium. The intravenous injection of 65 cc. 
5 per cent sodium chloride on Oct. 15 restored the electrolyte pattern to approxi- 
mately normal values with restoration of appetite and return of weight. The 
experiment was discontinued Oct. 29 on the 152nd day, when injections of cortical 
hormone were resumed. At this point the condition of the animal was excellent. 
At the end of 7 daj’^s (Nov. 5) the potassium had dropped and the sodium risen to 
normal values, with rise of 0.6 kilo in weight, indicating the more accurate electro- 
lyte regulation possible only with injections of the cortical hormone. Both hor- 
mone and salt administration was then stopped, and the animal promptly went 
into insufficiency. Infection with mange, producing changes in pattern on June 
11, was completely gone June 19. 

with a rise in the plasma chloride level and the reappearance of free 
acid in the gastric juice. 

Since appreciably greater amounts of sodium than of chlorides are 
lost, the result is that when sodium chloride (and hence equivalent 
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amounts of sodium and of chloride ions) alone is supplied in small 
quantities to the a nim al after the injections of the cortical hormone are 
stopped, a relatively greater loss of urinary sodium occurs producing a 
greater lowering of the plasma sodium level and hence a relative clilo- 
ride acidosis. This acidosis may become uncompensated, and its 
occurrence may also have contributed to the failure of earlier attempts 
to maintain animals beyond a limited period by the administration of 
saline solutions alone.® 

We report a group of experiments on suprarenalectomized dogs sus- 
tained by the oral administration of sodium and chloride ions for pe- 
riods of 100 to 150 days (Charts 1 and 2, Table I). At the end of the 
period of experimentation, when properly conducted, the dogs do not 
differ in weight or activity from normal dogs or from suprarenalecto- 
mized dogs adequately sustained with injections of the cortical 
hormone. They appear to exhibit normal sexual activity, but the 
maintenance of normal fertility was not studied. Insufficiency has 
followed only when the salt administration was inadequate.^ A 
careful technique is required which has been developed after consid- 
erable experimentation. 


Methods 

Daily intravenous infusions, such as were made by Stewart and Rogoft (1), or 
in tra peritoneal infusions, such as were employed by Marine and Baumann (2) over 
prolonged periods, were considered impractical for our purpose. In the latter case, 
the use of alkaline salts such as sodium bicarbonate intraperitoncally proved very 
irritating and sometimes fatal to our suprarenalectomized dogs. Wc turned, 
therefore, to the administration of the salts by mouth. If mixed with the 
diet, the large amounts that arc frequently required resulted, as in Swingle's 
experience, in refusal to eat. Accordingly they were given by stomach tube dis- 
solved in small amounts of water (5 per cent solution) in divided doses, twice a day, 
at 6 or 7 hour inteivak, and never in association with the food. The animals were 
-cpt on the table for 20 to 30 minutes after gavage to prevent regurgitation. 


’ Unpublished data supplied by Dr. K. Stuart Hctzcl. 

^ Postmortem study of animals sustained by sodium salts over prolonged 
Peno s viihout cortical hormone injections has shown no accessors’ cortical tissue 
prc.cnt. Ko definite abnormalities were demonstrable in the pituitaiy, such as 
nve been described by H. B. Schumacher and W. M. Tiror {Er.docrir.oloRy, 193-5, 
I ' ) in their adrcnalcctomized dog maintained with inadequate doses of the 


ormonc. 



Dog 1-22. Suprarenalectomy Jan. 11, 1934. Insufficiency Mar. 1, 1934, foUowing withdrawal of extract injections. 
Prompt recovery with extract and salt. 


846 


SUPRARENAL CORTEX. IV 


s 

o 


•n 

0> 

cu 

Qa 

o 


o 

a 

o 


o 

r£3 


.y ^ 

1-4 ci 

O *73 

•so 

•| i 

.Si. to 


01 

o 

u 

a> 

P4 

*3 

T3 

rs 

o 

u 

w 

cs 


U 

i 


o 

1-4 

O*' 

*3 

•TJ 

»•» 

o 

w 

!2i 


a 

3 

•xj 

f) 

o 

u 

w 

il 


Q. 

Ed 

TS 

d 

W 


cn 

o 

O) 

Cl< 

*3 

XJ 

« 

O 

u 

w 


a 

o 


^ — 
o 'd 

s .s 

p4 *rt 
>% if) 

rd 3 
c3 w 
XJ 


O c 

U .2 

W is 

.52 ^ 

^ g 

- U 


0) 04 

-2 

"3 *3 

« *73 

o ^ 
u o 
a u 


fcj 

to 

0 

to 

G 

to 

c 

to 

G *± 

to G 

O) 

CM ^ 

1 ^ 
4- CJ 
‘ X 


1*^ 

il 

CM 

+ 

CM 

+ 

CM 

+ 

CM 

+ 

rd 

•4-t 

, , 




^ OJ 

•t-i 

VO 

0 

U 

0 

U 

^ 0 

.2 

a 




.s 

Q 

^_r 






Ph 

C/3 

u 

g 

a 

a 

a 

a .§ 

IS 


to 

to 

bo 

to 

to S 

4-> 

.0 

to 

to 

to 

VO 

VO 




a -d 

o o 

VI ^ 
^ UH 

o o 

G ” 

- I 

G g 
o 
-73 

^a> o 
.’S O' 

O ^ 
CJ G 

w “ 

.5 <3 

% O 

^ rt 

8 .55 

— »G 
O 4-> 
O 


X3 

2 w 

1/3 O 

o >-« 
^ o 

04 

s ^ 

tj rt 

CJ 'O 

*0 

»-• O 
2 ^ 
« W 

« rt 
D« 

6 s 

G g 

w a 

VO 


l-ci 

57 o «G 
W4 5J2 
W*' o. 


w VJ 


0 

to 

0 

0 

to 

to 

0 

to 

to 

vd 

CM 

00* 

0\ 

vd 

»-H 

0* 

vd 


VO 

VO 

VO 

VO 

VO 



VO 

VO 

0 

CO 


0 

to 

0 

0 

rH 

0 

to 

0 

vd 

CO 

CM* 


vd 

to* 

t^* 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 


■ V s 

d .7l- 

Sgu 

-°^s. 


10 

o 


Os 

00 


^4 

-TiJ 

00 

VO 

Os 



C?v 

CM 

00* 

vd 

CM 

o\ 

0 


0 


0 

0 

0 

Os 


n I CJ 

E ^ e-^ 

rt •*■» ^7) 

— 2'«o CJ 

Ah “• G 


V 


cc 


VO 

m 


o 


o\ 


cs 

vd 


0\ 

cd 


ro 

vd 


Ei.l 

■ 

rt’O H 
JT o 3 
Ah crt D. 


fO 


00 

to 


On 




CO 

00 

to 

CO* 

CO 

On 

0\ 

Os 

0 

CO 

Tt< 



CO 

CO 

CO 

Tj< 




cq 

iO 


<N 

10 


VO 

VO 


10 

VO 


r>« 

00 


to 

VO 


o 

VO 


Sf^ 

E-i 


O 

CO 


00 

cs 


cs 

CO 


0\ 

CO 


VO 

CM 


o 

CO 


cs 

CM 


C «J u 
0-^0 
55 2 3 




00 


CM 

to 


CO 


Ov 


00 


CM 

to 




o 

to 


0\ 

CO 


o 

00 * 


CO 

00 


tH cm 

00 00 


00 


00 


00 

CO 


CM 

to 


CM 

VO 


VO 


CO 


VO 

CM 


CO 

CM 




04 

< 




u 

G 

o 




^ STRAUSS 


S47 



TABLE II 

The EJfect of Instifficicnl Salt Administration on the Suprarenalectomized Dog Maintained without Extract. Its Partial Repair 
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no food eaten May 20. 
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Vomiting and diarrhea were avoided completely, and animals which did not 
retain the gavaged material readily were rejected. Failure in our preliminary 
studies was due primarily to the use of insufficient amounts of salt (Table II, 
Chart 3). The quantity required varies with the individual dog, and a proper 
dosage is necessary from the outset. This was regulated by the results of plasma 
electrolyte studies. The electrolyte pattern of the arterial blood plasma was 
determined at 7 to 10 day intervals, together with blood counts and hemoglobin, 
hematocrit, urea, and plasma protein estimations.® Care was always taken to 

1934 Apn Kay 

h 7 15 21 



Chart 3, Dog 1-34. Suprarenalectomy Feb. 1, 1934. Tj'pical changes in the 
electrolyte pattern, and the production of hemoconcentration resulting from an 
insufficient dosage of sodium salts in a suprarenalectomized dog receiving no 
extract. 

replace the blood withdrawn by the intravenous injection of two or three times the 
quantity of 1 per cent salt solution. Occasionally further intravenous injec- 


® The methods employed for the various chemical analyses have been previ- 
ously described (4), with the following exception. 

Plasma Potassium Method . — The method of S. E. Kerr (/. Biol. Chem., 1926, 
67, 689) was used for the deproteinization of serum and the estimation was made 
by tlie method of Kramer and Tisdall as described by J. P, Peters and D. D. Van 
Slyke (Quantitative clinical chemistry. Volume II, Methods, Baltimore, The 
Williams & Wilkins Co., 1932, 748). 
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tions of saline were given for a day or more when required, as indicated by the 
blood studies. Careful attention was paid to proper e.xercise, to proper food, to 
the avoidance of infections or parasites, and to cleanliness and proper shelter. 
The methods for the maintenance of our colony of suprarenalectomized dogs have 
been previously described (13). 


TABLE ni 

Hypoglycemia wilhotd Iitsttfficiency Produced by Fasting in a Suprarenalectomized 
Dog Receiving 4 Cc. Cortical Extract Daily and 0.5 Gm. Sodium Chloride 


Dog 1-22. Suprarenalectomy Feb. 2, 1934. Repeatedly in insufficiency. 
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No food after .Aug. 22. Given 












4 cc. cortical c.xtract daily. 
0.5 gm. NaCl per os 
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5 

[if* 

24 

14 

143.0 
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113.0 

22.7 

70.9 

5.6 

35 

Verj’ weal:. Experiment ter- 












minated. No convulsions. 
Alert on injection of intra- 
venous glucose 


The weight loss is greater in the animal receiving minimal amounts of salt, than 
in the animal sustained with salt alone (Table I\’). There is no change in the 
percentage of plasma or in the plasma protein concentration. Xo evidence of 
dehydration or alteration of plasma electrolyte pattern when the experiment was 
terminated. 


Mention has been made by Swingle (10) of the hN'poglyccmLa observed in his 
experiments upon salt-fed dogs. Tliis is often noted when the salt administered is 
inadequate in amount, and particularly when anorc.ti.a develops. .-Xnarexia in ani- 
mals treated with adequate amounts of cortical hommne may result in ffit.il hvjK>- 
gl.vccmia. The effect is clearly shown in Lasted suprarcn.a!ectomi.*,ed dogs sust.ained 
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either with cortical hormone together with minimal amounts of salt, or by means of 
adequate salt administration alone (Tables III, IV), In either case severe hypo- 

TABLE IV 

Hypoglycemia 2vitliout Ivsujficicticy Produced by Fasting in a Suprarenaleclomizcd 
Dog. Suslaincd with Salt Mixture but Given No Coriieal Extract 


Dog 1-41, Suprarenalectomy May 4, 1934. Insufficiency June 1, 1934, and 
July 2, 1934. 
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nated. No convul- 
sions. Lies in cage. 
Does not respond. 
Immediately after 
injection of 100 cc. 
5% glucose animal 
became alert and 
active 






As a result of fastmg and salt feeding the percentage of plasma increased mark- 
edly and the plasma protein concentration dropped sharply. The plasma elec- 
trolyte pattern was not essentially altered. 


glycemia occurs in 7 to 12 days, but without extracellular fluid loss. The 
plasma electrolyte pattern and the blood concentration are not altered. While 
either cortical hormone and salt, or salt alone, therefore, in proper amounts 
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will sustain the fasted animal and prevent hemoconcentration, neither will prevent 
the occurrence of severe hypogl3’cemia. The suprarenalectomized animal can- 
not form glycogen to maintain its blood sugar level from its own endogenous 
metabolism. When the glycogen supplj' is exhausted by fasting, hj’poghxemia 
results. This, however, has not yet been established. It is a fact that the 
development of hypoglycemia is slower in the fasted, hormone-treated animal, 
but the differences, compared to the animal sustained with salt alone, are not 
very striking. This cortical hormone which influences mineral salt and water 
metabolism does not enable the dog to form carbohydrate from its own 
tissues. Hypoglycemia may be effectivel}' prevented in animals sustained by 
salt alone by the daily use from the outset of certain lipoids, particularly cotton- 
seed oil, or by the use of glucose, administered by stomach tube. Aside from the 
lack of food, an important cause of hypoglycemia in suprarenalectomized dogs is 
unusual physical exertion such as is brought about by fighting. Such an accident 
has caused sudden death in several of our animals, sustained without suprarcnals 
over many months. As others have found, and as we have previously indicated, 
hj’poglycemia is neither constant nor characteristic of suprarenal insufficicnej' in 
the dog, but is clearly related to the duration and extent of anorexia. The injec- 
tion of glucose alone, or of glucose together with adrenalin, even though it raises 
the blood sugar level, does not relieve suprarenal insufliciency, nor influence the 
characteristic changes in the blood plasma in the male adult dog. 

RESULTS 

The maintenance of an appro.ximately normal plasma concentra- 
tion of sodium and chloride by the administration of adequate amounts 
of sodium and chloride ions is necessarj'' for sustaining suparcnalcc- 
tomized dogs without extract. This in turn sustains proper tissue 
hydration, that is to say, a sufficient supply of extracellular water, so 
that cell metabolism is unimpaired, the transfer of materials across 
cell membranes proceeds normally, and the intrinsic stores of intra- 
cellular water and dissolved substances are not interfered with. When 
this is effected there is no rise in plasma potassium nor urea concen- 
tration, no hemoconcentration, and, under proper conditions, no 
anorexia. WHien such proper tissue hydration is interfered with for 
a period, producing alteration in cellular permeability and a rise in 
plasma potassium and urea concentrations, adequate injections of 
sodium chloride may restore the normal plasma urea and potassium 
levels by facilitating urinary excretion of the excess. When the lo.-s 
of sodium and the hemoconcentration is allowed to become e.vtreme it 
IS difiiculi and eventually impossible, without the use of the cortical 
hormone, to restore the animal to its normal state. When cell damage 
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has proceeded to an advanced stage a fatal outcome cannot be pre- 
vented by any treatment. 

In a considerable proportion of animals which are fed salt in amounts 
insufScient to sustain proper tissue hydration, an actual terminal rise 
in the concentration of plasma sodium and of chloride occurs (Table 
V). Such animals have generally been maintained for several days 
on salt alone, the intake of fluids has been reduced, and urinaiy- 
excretion is diminished. Hemoconcentration has taken place. The 
mechanism here involved may be analogous to that pointed out by 
Hartman (12), who observed that when urine excretion is too scanty, 
as in anhydremia due to diarrhea, the total electrolyte concentration in 
the plasma occasionally reaches enormous values. It may also be 
due to the administration of sodium chloride at too rapid a rate for the 
kidney of the suprarenalectomized animal to discharge vdth the water 
available for its excretion. In suprarenal insufficiency, coincidental 
Viith such increases in plasma concentration of sodium and of chloride, 
the urea and potassium values are also greatly increased. In eadi 
instance this rise in sodium and chloride concentrations was associated 
with a marked loss of body weight. 

The question now arises as to the relative importance of the loss of 
sodium and of chloride in producing the dehydration and the associated 
symptoms, after withdrawal of the hormone injections. E.xperiments 
have been carried out in which the plasma sodium concentration was 
sustained by the use of sodium salts other than the chloride. For this 
purpose sodium bicarbonate in the quantity necessary proved unsatis- 
factory because it produced distention, vomiting, and diarrhea. 
Sodium gluconate and sodium lactate by mouth caused diarrhea. It 
W’as finally possible to use daily injections of suitable quantities of 
intravenous molar sodium N-lactatc solution, prepared as directed by 
Hartman (14). Animals so sustained, without cortical hormone, 
luaintained normal hydration, as indicated by hematocrit observa- 
fions and protein studies (Table VI). A rapid fall in the plasma 
chlorides occurred, but the level was sustained when it readied 
about 90 m.-eq. per liter. No further fall occurred so long as the 
plasma sodium level was propcrlj' maintained. In these e.xperiments 
an unsalted lean meat diet was used. Eventually anorexia appeared. 
The anorexia was assodated with a diminution in the .'accretion of 
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gastric juice and a disappearance of free hydrochloric add. These 
studies afford further evidence that the sodium ion and not the 
chloride ion primarily governs tissue hydration in the suprarenalecto- 
mized dog, but that the concentration of plasma chloride has an inti- 
mate bearing upon the secretion of free hydrochloric add in the 
stomach of the dog. 


DISCUSSION 

The experimental data which are presented indicate that an approx- 
imately normal concentration of both plasma sodium and diloride are 
required for the maintenance of the bilaterally suprarenalectomized 
dog. If the chloride falls anorexia appears and h 5 q)oglycemia even- 
tually results. Fall in plasma sodium is accompanied by dehydration 
and hemoconcentration. Under the influence of the intact suprarenal, 
the sodium and chloride concentrations in the plasma (and of the 
extracellular fluid), are regulated with a high degree of constancy. It 
is not to be e.\-pected that in the absence of this regulatorj- mechanism 
it should be possible to supply additional sodium and chloride ions in 
amounts just sufficient to repair the body deficit resulting from their 
uncontrolled excretion, and thus to permit the salt and water metab- 
olism to be maintained with the efficiency which it possesses in the 
normal presence of the natural hormone. Nevertheless the duration 
of the experiments which have been carried out should be sufficient 
to evoke other metabolic or nutritional disabilities resulting from the 
withdrawal of the cortical hormone and none has been demonstrated 
during c-xperiments lasting from 3 to 5 months. Also it has been 
found in the treatment of Addison’s disease by means of salt, that it is 
not possible in certain cases to maintain the normal plasma electrolyte 
levels by means of sodium salts alone, but that such a result is possible 
when injections of the hormone are given simultaneously (IS). Simi- 
larly, it is onlj' by the e.xhibition of both extract and salt in adequate 
amounts that entirely nonnal plasma electrolyte levels may be sus- 
tained in the totally suprarenalectomized dog. 

Not only is the presence of the suprarenal cortex necessary for the 
maintenance of the constant normal concentration of plasma sodium in 
the dog when the intake is barely adequate or deficient, but the arlmin- 
i!^tralion of c.xccssivc amounts of sodium, in the absence of suffident 
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water available for its excretion, raises the plasma concentration of 
this ion appreciably above the normal level in the suprarenalectomized 
animal. The capacity of the normal kidney, depending upon the 
needs of the organism, to excrete sodium over a rather wide range is 
restricted with respect to the water simultaneously available for excre- 
tion. The level of this electrolyte in the plasma, and of the dissolved 
substances dependent upon it, in the animal sustained by salt alone, 
are, therefore, to a significant extent conditioned by the intake. Since 
the water available as a vehicle for the urinary excretion of dissolved 
substances, in the absence of the suprarenal cortical hormone, is 
particularly claimed by sodium and chloride, the excretion of other 
materials probably is impeded. 

The fall in the concentrations of plasma sodium and chloride are 
usually accompanied, in these salt-treated animals, by a coincidental 
rise in the concentrations of plasma potassium and of urea, and con- 
versely. These changes are usually parallel to each other (Charts 1, 
2) and appear, as might be expected, to be at least approximately re- 
lated to the extent of hemoconcentration. Infusion of sodium chloride 
solution, raising the plasma levels of sodium and of chloride, tends at 
the same time to restore the proper plasma concentrations of urea and 
potassium, by facilitating the urinary excretion of the excess. The 
effect of these reciprocal alterations in the plasma (extracellular fluid) 
concentrations must be to counteract or dampen the serious alterations 
in the osmotic pressure of the extracellular fluids attendant upon the 
disordered excretion of sodium and chloride. Such a buffering effect 
must make for stability of the fluid stores within extracellular and 
intracellular compartments. 

We have elsewhere pointed out the probable relationship of the 
greatly increased potassium content of the plasma to the occurrence of 
cardiac arrhythmias during suprarenal insufficiency in the dog (16). 

The possibility that various toxic effects due to potassium poisoning 
make their appearance during suprarenal insufficiency has been sug- 
gested by Hastings and Compere (17). 

SUMMARY 

1. A group of experiments is reported in which bilaterally supra- 
renalectomized adult male dogs have been maintained in apparently 
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normal condition over prolonged f “anfbyttt admin- 

nre of any suprarenal "ale Xne- lYith- 

istration of sodium ch on tvoical suprarenal insufficiency, 
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2. The relation of the absence of _ Lriition to or independent of 

juice of suprarenalectomized ^ j of anorexia and hypogly- 

the factor of dehydration, for the production 

cemia, is discussed. _ experiments in support of 

3. Further evidence is presente male dog is 

the view that the suprarena.1 excretion by the kidney, and 

concerned with the regulation o oj .^^ater balance in the 

thus eventually with the proper m carbohydrate metabolism, 

organism. It has ^ of urea and 

4. The reaprocal changes in tne p . • of plasma sodium 

oi potassium wMcli take place as t = j ^ mechanism whereby 

and chlorides vary, are pomted out as t ^ j the volumes 

abrupt alterations in osmoUc pressure 
oi fluids in ertraceUular and intracellular comp 
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